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t's impossible to ignore the legendary
Big Rock Candy Mountain when it
appears around a bend in the Marysvale
Canyon about 21 miles south of Richfield.
The mountain's distinctive bright yellow
vividly contrasts with the drab greys typical of hills in south-central Utah desert
country. The spectacular view encourages tourists to take photographs; at the
cafe, some even buy bottles of the yellow
water from the " lemonade spring."
The view also inspired Harry K. McClin tock (" Haywire Mac" ) to say it must be the
Big Rock Candy Mountain he had written
a song about in the late 1800s, a song
that Burl Ives popularized in the 1 950s.
The Big Rock Candy Mountain has also
inspired some of my research and has
played a significant role in my career.
Science brought me to the mountain more
than 30 years ago and, combined with
some nostalgia, lured me back again this
spnng and summer to duplicate five photographic views that I recorded back then . I
first studied the mountain because the
colored material supported large ponderosa pines, which did not grow on the
nearby gray slopes. A similar situation had
been studied in Nevada (Billings 1950).
One question soon led to another, and my
long association with the Big Rock Candy
Mountain had begun.

Origins of the Mountain
The mountain and related colored areas
in the vicinity are the roots of ancient hot
springs, exposed by erosion. About 40 mil lion years ago, volcanoes in the Marysvale region deposited as much as 600
meters (2,000 feet) of potash -rich latite
flows, ash, and tuff. Later, the region was
slightly uplifted, and canyons developed.
Volcanoes erupted again, and much of the
area was covered with rhyolite (a glassy
volcan ic rock similar to granite). The
present canyons then began to form .
Hot solutions, probably from molten
magmas deep under the earth 's surface,
percolated upward through the wall rock,
either during or following the volcanic
activity. These hot-spring waters deposited minerals and dissolved certain solu ble fractions of the wall rock. The ashes
and tuffs deposited during the first vol -

canic cycle were especially susceptible to
this hydrothermal alteration, as it is called.
The deposited minerals were particularly
rich in potassium, iron, aluminum, sulfate,
and sulfide. Pyrite or fool's gold (iron SUlfide) is a familiar example. Calcium from
the solutions or from the wall rock is
especially abundant.
When canyon -forming erosion exposed
the roots of the hot springs, minerals
deposited by the hot waters underwent
other changes, primarily oxidation. The
sulfides were oxidized to produce sulfuric
acid. Thus, the yellow material that makes
up the Big Rock Candy Mountain is properly referred to as altered material: material that was first altered by hot solutions
from magmatic sources and then by oxidation and weathering when the hydrothermally altered rock was exposed by
erosion.

Unique Characteristics of Altered
Material
Soil chemistry influences the kinds of
plants that grow (or don't grow) in an area,
and this is clearly evident with altered
material. Table 2 (page 118) presents
results of a recent analysis of samples of
altered material along with analyses of
various soils collected nearby.
Soil solutions from altered material usu ally contain exceptionally large amounts
of calcium and sulfate and have an
extremely low (acidic) pH . (Calcium sul fate is gypsum.) The altered material also
typically contains much more soluble
aluminum and iron than normal soils and,
as expected, little organic matter.
Although total salts are high, the altered
material contains much less nitrogen than
normal soils. My original analyses of water
extracts showed limiting amounts of
phosphate. (Because of different techniques, this is not evident in Table 2.)
Since ample amounts of nitrogen and
phosphorus are required for plant growth,
I immediately suspected that normal
plants did not grow on the altered areas
because these elements were limiting- or
because the large amounts of calcium ,
sulfate, iron, aluminum, and perhaps other
elements were toxic. Yet ponderosa pines

and some other important species tolerated these unusual conditions.
Altered material is truly an anomaly
compared with most soils. Acid soils normally develop in high rainfall areas, where
most of the soluble salts are leached
away; dissolved carbon dioxide (carbonic
acid) replenishes the hydrogen ions
responsible for acidity. Thus, it is
extremely rare to find highly acid soils that
are also rich in calcium and other salts. In
the altered material, these conditions are
the result of geological phenomena, not
the normal soil -forming processes.

Growing Plants on Altered Material
Attempts to grow tomato plants on altered
material (Salisbury 1954) found that
simply supplying the apparently deficient
nitrogen and phosphorus was not enough
to insure plant growth. It was not surprising that altered material was deficient in
available nitrogen, since volcanic rocks
(or igneous rocks in general) contain virtually no nitrogen compounds. It was more
difficult to decipher the role of
phosphorus.

Why is Phosphate Deficient?
Studies of samples of altered material
after their pH had been changed by
adding acid or base showed that phosphate was normally combined with iron,
aluminum, and calcium to form insoluble
compounds that most plants cannot
absorb. When material was made even
more acid, much phosphate went into
solution (note sample #10 in Table 2), at
neutral pH, it was also possible for phosphate to remain in solution.
These studies suggested two ways to
change the material so that even tomato
plants could grow on it: One way was to
neutralize the material with calcium
hydroxide and calcium carbonate; the
other was to add such an excess of phosphate that the material could no longer
remove it from solution. Tomato plants
grew in each treated material, provided
that nitrogen (as nitrate) was supplied.
It was surprising that plants grew in the
material treated with excess phosphate,
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because addition of such large amounts
of phosphate made the material even
more acid (H+ released from the H2 P0 4 - ),
and large quantities of aluminum, calcium,
and iron remained in solution when the
material was so acid. Apparently, these
minerals were not toxic when the plants
could get ample phosphate and nitrate.
Other researchers (Arnon and Johnson
1942) had reported that plants simply
couldn't grow under such acidic conditions, even in complete nutrient solutions.
I later found that, indeed, plants would not
grow in nutrient solutions at a pH of 3 or
lower, but they would grow in sand or
crushed gravel when they were watered
with acidic solutions (pH 2). Apparently,
pH in the vicinity of roots in soil or sand
can be less acidic than when plants are
grown directly in the acidic solutions.
Results of another experiment in which
pine seedlings were grown in crushed
granite watered with complete nutrient
solutions that were normal, low in phosphate, without phosphate, or adjusted to
pH 2 with sulfuric acid suggested that
ponderosas can get along with minimal
amounts of phosphorous, although how
they tolerate such high concentrations of
aluminum, iron, calcium, and hydrogen
ions in altered material remains a mystery.
Ecology of The Altered Areal
Except for the high peaks of the Tushar
Mountains (3,500 m = 12,000 feet), the
Marysvale region, which lies in the rain
shadow of those mountains, is a high
desert. Marysvale, which is about 5 miles
south of the mountain, receives only about
200 mm (8 inches) of average annual
precipitation, and the vegetation is dominated by such desert species as shadscale (Atriplex confertifo/ia), big sage
(Artemisia tridentata), greasewood (Sarcobatus vermiculatus), and various species
of rabbit brush (Chrysothamnus sp.). Utah
juniper (Juniperus osteosperma), pinon
pine (Pinus edulis), and various shrubs
sparsely cover the lower slopes in Marysvale Canyon; they become more dense at
higher altitudes until they form a solid belt
at about 2,300 m (7,000 feet) . Above this
elevation there is a belt of vegetation dominated by Gambel oak (Quercus gambe/it),
114
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and at still higher elevations, a belt of
aspens (Populus tremuloides) or white fir
(Abies conc%t) mixed with Douglas fir
(Pseudotsuga mucronata). The upper part
of the juniper-pinon belt and the oak and
aspen belts are relatively well defined, but
the divisions between vegetation are less
clear from the bottom of the canyon to the
juniper-pinons. Gambel oak and other
species that require more water occur
along stream banks, on north-facing
slopes, and in protected draws even at the
bottom of the canyon. Clearly, microclimates controlled by topography affect
plant distribution on the lower slopes of
Marysvale Canyon-the location of the
most conspicuous altered areas.
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FIGURE 1. Concentrations of iron (Fe)'). aluminum
(All'). and phosphate (PO.) in the soil solutions of various samples collected at the altered area high above
the Big Rock Candy Mountain (Figs. 2 to 4); samples
arranged according to pH. Some vegetation associated with the samples is suggested below the pH
scale (Salisbury 1964).

Table 1 summarizes an ecological
study of an altered area about 600 m
(2,000 feet) above the base of the Big
Rock Candy Mountain. Surprisingly, the
most common woody plants on altered
material were Gambel oak and manzanita
(Arctostaphylos patula). There were severallimber pines (Pinus f/exilis) along with
the usual ponderosas plus an occasional
pinon. Juniper, big sage, greasewood, and
rabbit brush almost never grew on the

altered material at any elevation, nor were
limber pine, ponderosa pine, or manzanita
found on the normal alkaline or neutral
soils. The greatest variety of species was
found on modified altered material.
In a later study at the top of the Big
Rock Candy Mountain, we counted 5
species on extreme altered material, 23
on modified material, and 18 on mature
soils of the region. One small herbaceous
perennial grew on the extreme altered
material, an Eriogonum (a common false
buckwheat of the western states). Clearly,
manzanita, Gambel oak, ponderosa and
limber pines, and the Eriogonum possess
whatever special properties allow plants
to grow under these unusual conditions.
The Gambel oak and pinon pine are
within their climatic ranges, since they
also grow on nearby mature soils. But
manzanita and limber pine were not found
nearby, and limber pine usually grows on
exposed ridges at even higher elevations.
The ponderosa pines become large on
the altered material (especially on modified altered material), and they are seldom
found in the area except on the altered
material. It has been suggested that ponderosa pines should be able to grow
where Gambel oak can grow, although
there are many Gambel-oak areas that
contain no ponderosa pines. Gambel oak
is quite common around the Big Rock
Candy Mountain, however, so this along
with the few ponderosa stragglers on
normal soil suggest that the ponderosas
growing on altered material are actually
not very far out of their range. Nevertheless, the altered material appears to allow
growth of ponderosas where it is so dry
that they might otherwise be unable to
compete with the native desert vegetation.

Can Altered Material Change?
The appearance of the Big Rock Candy
Mountain suggests that the entire mountain might have once consisted entirely of
altered material, material that gradually
developed into a normal soil on the top of
the mountain where big sage, rabbit
brush, and juniper-pinon forests now
grow.
Hence, I then sought to determine

Th
B[gRo
k
candy

M untain
whether something as unique as altered
material could, given enough time and the
right conditions, develop into a typical
desert soil.
Figure 1 shows concentrations of some
ions in the soil solutions of various
samples plotted as a function of their pH ;
the associated vegetation is also noted.
This figure might represent a successional sequence in which the soil
becomes less acidic (pH increases) and
the vegetation changes from barren soil,
through pondersosa, to oak, juniper-pinon,
and finally big sage. This succession is
associated with a striking decrease in
aluminum and iron in the soil solution and
a gradual increase in phosphate. Other
factors that were not measured (e.g.,
available nitrogen) would surely also be
important.
Soil samples were collected at various
depths from the top of the mountain. One
soil that supported big sage looked like a
typical mature soil of the region , but at a
depth of 70 cm the color turned yellow like
altered material. Several other properties
of this soil also seemed to support the
idea that it had developed in place from
altered material. A sharp increase in SUlfate at about 60 to 70 cm was especially
striking. Samples were taken from the
crests of ridges where it was unlikely that
mature soil had been deposited on top of
the altered material.
Results of another experiment in which
plants were grown in leached altered
material to which organic matter had been
added suggest that the altered material
might have developed into a mature soil
typical of the region through leaching from
rain and melting snow (perhaps over
hundreds to thousands of years) and
especially as organic matter from plants
was incorporated.

How Fait II Change Occurring?
Questions about how rapidly change
occurred on the Big Rock Candy Mountain prompted my most recent expeditions
to Marysvale. I had operated a small professional photography business out of a
basement darkroom while a student at the
University of Utah during the early 1950s,

and I had taken several photographs of
the altered areas and the region in
general. To document the pace of
change, I tried to duplicate five of the
scenes photographed 34 years before.
The results are in Figures 2 to 6.
Perhaps the most striking immediate
impression is that very little change has
occurred during the 34 years between the
photographs. A few of the trees have
grown noticeably, but others seem to have
grown hardly at all during that third of a
century. Surprisingly, the surface of the
altered areas had not changed much.
even though one might imagine that the
exposed slopes would be highly susceptible to erosion. Upon studying the pictures, I speculated that most of the small
loose particles had long since been
eroded away by rain and melting snow,
leaving bare but packed altered material
that was unexpectedly resistant to
erosion.
Those ideas changed somewhat after a
third trip to the mountain to collect the
samples for the data of Table 2. We
arrived on August 28, 1985, about 24
hours after an extremely heavy rainstorm .
I didn't have the big camera, but the small
photograph inserted in Figure 2 shows
small gullies in the surface of the upper
area. Thus, changes might occur quite
suddenly, caused by the really severe
storms that pass by only a few times each
century. And, of course, the activities of
human beings- mining, logging, even
wal ki ng on the areas- can cause rapid
and extensive changes.

More To Be Learned from the Mountain
The story told here suggests that geology
can sometimes override broad climatic
conditions to determine where plants can
grow and what soils will form temporarily, at least. Most plants apparently cannot grow on altered material,
because there is little available nitrogen
and because existing phosphates are
unavailable. Other nutrients probably also
play secondary roles. The few species
that do grow on altered material must
have special physiological characteristics
that make this possible; learning those
characteristics would be a rewarding
endeavor with possible agricultural applications. The ability of plants, even tomato
plants, to grow well when iron. aluminum,
and hydrogen ions (acid pH) are present
in high concentrations is also an intriguing
phenomenon that warrants further study.
And it is remarkable how something as
unusual as altered material is apparently
slowly being transformed into a typical
desert soil. The slow pace of change over
decades, with a susceptability to more
rapid changes, also merits
consideration- and reflection .
The Big Rock Candy Mountain has
played an integral role in helping me learn
the challenges, fascinatation , and
excitement- the shear enjoyment- of
scientific research . Clearly, the mountain
still retains many secrets, secrets that
may yet challenge others and finally yield
to those who are knowledgeable and
curious.

TABLE 1. Major woody apecIea of the upper a"erect a,.., expreued .. number of pia.... per
100 mI (June 1955).'

SoIl condition
Extreme a"ered
0.15
0.65
2.37
2.79
0.077

Intermediate

Mature

5.33
13.1
9.8
27.9
244

Limber pine
Ponderosa pine
Manzanita
Gambeloak
Pinon pine2
Utah juniper
Big sage2

0.038

1.64
3.03
8.47
7.93
4.92
2.19

Area measured (m2)

2,616

366

' From Salisbury (1 964).
2A few pinon pines and big sage plants were found on the edges 01 the area designated as extreme altered material.
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FIGURE 2. The upper. most altered slope
of the area located about 2.3000 m (7.650
tt) above sea level and about 600 m (2,000
ft) above the Sevier River on the ridge
extending above the Big Rock Candy
Mountain. In Figures 2 to 6, the black and
white photos were taken in 1951 and the
color photos were taken on May 31, 1985.
Some of the ponderosa pines (the small
trees with long, "furry" needles) have
grown a noticeable amount, and the Gambel oak in the right foreground has grown
considerably. One ponderosa on the
horizon has grown quite a bit, but the old
limber pine (just below the center) grew
very little. The dead branches and the
twisted and fallen log above the limber
pine remain almost unchanged after 34
years. One sma ll pine between two larger
ones at lower left seems to have disappeared. The photograph in the insert,
taken on September 28, 1985, shows that
more erosion occurred after one severe
thunderstorm in 1985 than during the 34
years since the first photograph.

- PHOTOS BY AUTHOR

FIGURE 3. Part way down the slope from
the position of Figure 2. Virtually every
plant growing in 1951 is still growing in
1985. A few new or significantly different
plants are apparent.
FIGURE 4. Still farther from the area
shown in Figure 2. Nearly every plant in
the 1951 photo appears in the 1985 photo.
There was remarkably little plant growth in
this harsh, dry climate.
FIGURE 5. The Big Rock Candy Mountain
from just behind the store shown in Figure
6. A floOd -diversion ditch had been bulldozed where the tripod should have been
placed. The recent photograph shows
considerable growth of the trees on the
mountain slope just above the Gambel oak
that dominates the picture. although the
juniper in the right foreground, just to the
right of the oak, has just died. Some of the
large old pines on the extreme slopes
have changed very little in 34 years: they
may well be hundreds of years old.
FIGURE 6. The Big Rock Candy Mountain
from the north. The big sage in the fore ground grew much more rapidly than
some of the trees on the slopes.
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Chronicling Natural Change With
Photographs
There are often good ecological reasons to duplicate
a photograph after several years (see, for example,
Phillips 1963). Yet the process can provide some formidable challenges to a photographer. Here is an
approach that I used with the original 4 x 5 Bushman
view camera and a lens (127 mm focal length) that I
used to duplicate the photographs taken more than 30
years before.
If only a print is available, study it and move around
until the view matches the print. Look for a recognizable point in the near distance (on a " near horizon," if
possible) that touches another recognizable point in
the far distance- or one that lines up with it if such
pOints don't meet. Since two points determine a
straight line, the camera lens must have been located
along that line when the original picture was taken.
Locating two such sets of points allows you to generate two imaginary lines; determining where the lines
cross determines the original camera position through
triangulation. Move around until the first two pOints
appear as they did in the original photograph, and then
move back and forth along the imaginary line until the
second set of points appear as in the original photograph. Then place the camera where both sets of
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points appear to be correct.
This process proved to be very difficult, in part
because the " points" were usually not distinct. They
were often just "blobs," and even after apparently
locating the right position, closer examination showed
that objects in the foreground weren't lined up as in
the original photograph. (The real test comes later
when the new negative is projected onto the old print;
any discrepencies in location become readily apparent.) Carefully select points for comparison that are
not likely to change over long time intervals: a point on
a cliff touching a peak on the far horizon, for example
(see Figure 2). Some points will have changed-plants
do grow!
PrOblems positioning the camera exactly prompted
me to make a positive film as a contact print from the
original negative. Now, after the rough triangulation to
get close to the right spot, holding the positive film
against the ground glass on the back of the view
camera let me compare it with the image projected on
the ground glass by the lens. (The lens must have the
same focal length as that used for the original
photograph.)
To position the camera . I first roughly lined up the
two skyline images (the one on the film and the one
projected on the ground glass), and then I rotated the
camera to the right or the left on its optical axis until

Frank B. Sal isbury is a native Utahn with
bachelor and master's degrees from the University of Utah and a doctoral degree from the
California Institute of Technology. After a year
at Pomona College and eleven years at Colorado State University, he came to Utah State
University in 1966 as Professor of Plant Physiology and Head of the Plant Science Department. He resigned as Department Head in
1980. His research has been concerned with
the physiology of flower initiation, ecology of
alpine plants, responses of plants to ultraviolet
light and to freezing temperatures, and now
with plant responses to gravity and achieving
maximum yields in controlled environments.

the skylines were exactly parallel and tipped or rotated
the camera until the two skylines were exactly superimposed. This was easy. Finally, I compared some
permanent point or object in the near foreground (the
nearer, the bet1er; an old stump in Figure 4) on the film
(old) image with the projected image.
Seldom did the two images match, however. It was
difficult determining which way to move the camera so
that the images would match after the skylines were
lined up again, since the images are upside down on
the ground glass and on the film. If, for example, the
image of the near object when compared to the film
image is too high relative to the skyline (too close to
the skyline), the camera has to be raised- or moved
closer to the object. Or if the object is too far to the
right (again, relative to the skyline) on the ground
glass, the camera must be moved to the left, since the
image is upside down. I was able to determine the correct distance to move the camera only through trial
and error. Each trial meant moving the tripod , readjust ing the skyline to match the positive-film image, and
then checking the foreground image again. But this
method worked, at least for the first three photos, and I
was finally able to locate the camera within centimeters of the exact spot where I had rather nonchalantly
placed it almost 34 years ago.

New Grasses for Intermountain
Rangelands
K. H. ASAY, W. H. HORTON , and W. T. HANSEN II

M

ore than 382 million acres of
rangeland in the eight states of the
Intermountain region are one of the
nation's best sources of red meat, wool
and other animal products. These rangelands are also an invaluable aesthetic and
recreational asset. Unfortunately, mismanagement has left over 50 percent
(201 million acres) of this valuable
resource in poor to very poor condition.
Only 14 percent of the area is classified in
good condition or is producing within 60
percent of its natural potential (Schmautz
et al. 1980).
In general, rangelands can be upgraded
by better management or by replacing
existing vegetation with improved cultivars
of grasses, forbs, and shrubs. Revegetation with improved forage grasses is a relatively economical and long-lasting way to
improve depleted rangelands. However,
relatively little breeding work has been
done to develop improved cultivars of
grasses for Intermountain rangelands.
Most of the early releases were developed
for the Northern Great Plains of the U.S.
and Canada.
In 1974, the USDA-ARS Forage and
Range Research Unit, in cooperation with
Utah State University, initiated a grassbreeding program to develop improved
cultivars of crested wheatgrass (Agropyron crista tum and A. desertorum) , Russian wild rye (Psathyrostachys juncea),
and interspecific hybrids involving wheatgrasses, wildryes, and related species.
Crested Wheatgrass
This widely adapted cool-season perennial, which is native to Eurasia, was successfully introduced into North America in
1906 (Dillman 1946). Crested wheatgrass
has had more impact on revegetation of
western rangelands than any other grass.
It is productive during the early season,
but its forage quality declines rapidly during the late summer and fall . Primarily a
bunchgrass, it is resistant to drought and
cold and is best adapted to altitudes
under 8,000 feet receiving 8 to 14 inches
of precipitation annually.
Crested wheatgrass is actually a complex of diploid, tetraploid and hexaploid
species, with 14, 28, and 42 chromo-

somes, respectively. The most widely
used diploid cultivar is 'Fairway,' which
was developed by Agriculture Canada at
Saskatoon, Saskatchewan, and released
in 1932. It is leafier and more procumbent
but less drought tolerant than the major
tetraploid cultivars.
Agriculture Canada subsequently
released another diploid cultivar, 'Parkway,' which was selected from Fairway
primarily on the basis of improved vigor,
height, and leafiness. A relatively new cul tivar, 'Ruff' was developed from Fairwaytype germ plasm by the USDA-ARS in
cooperation with the Nebraska Agricultural Experiment Station (AES). It has a
spreading (broad-bunch) growth habit and
is recommended for grazing and revegetation of problem sites in the drier areas of
the Great Plains (Hanson 1972, USDA
Extension Service 1978).
The most commonly used tetraploids
have been the Standard cultivars, 'Nordan ' and 'Summit,' and the Siberian cultivar 'P-27.' The three cultivars were
released in 1953. Nordan was developed
by the USDA-ARS Northern Great Plains
Research Center at Mandan, North
Dakota, in cooperation with the North
Dakota AES. It was derived from collections made in the USSR and is noted for
its upright growth habit, relatively large
seeds, and good seedling vigor (Rogier
1954). Summit, developed by Agriculture
Canada at Saskatoon, is a good forage
producer, but problems associated with
seed processing have limited its
popularity.
The Siberian cultivar, 'P-27' was
released by the USDA-Soil Conservation
Service (USDA-SCS). It has narrow, awnless spikes and relatively fine leaves and
stems. P-27 is well adapted to light
droughty soils (Hanson 1972) and
matures later and remains green longer
than typical Standard types.
A new tetraploid cultivar, 'Ephraim,' was
released in 1983 by the USDA-Forest
Service, USDA-SCS, Utah Division of Wildlife Resources, and several state agricultural experiment stations. It is reported to
be a persistent and drought-resistant cul tivar, but is noted primarily for its sodforming characteristics. The cultivar is

slightly shorter, but similar to Fairway in
biomass production (Stevens et al. 1983).
Transferring genetic traits between the
diploid and tetraploid species of crested
wheatgrass has been impeded because it
is difficult to make crosses between the
two forms, and any resulting hybrids are
afflicted with complex sterility problems.
Tai and Dewey (1966) obtained fertile
tetraploid plants by treating diploids with
the drug colchicine. Dewey and Pendse
(1968) later crossed these induced tetraploids with natural (Standard) tetraploids.
The hybrids, which represented a genetic
combination of Fairway and Standard,
were reasonably fertile. Moreover, their
data indicated that fertility levels could be
increased through selection, and many of
the hybrid plants were substantially more
vigorous than the parental lines.
We included the induced tetraploid X
natural tetraploid hybrid in our breeding
program in 1974. Spaced plants in a
breeding nursery of 8,000 hybrid clones
were initially evaluated for several characteristics, including vegetative vigor, disease and insect resistance, seed yield
potential, leafiness, and drought resistance. Selections were then subjected to
more intense progeny testing in the laboratory and field for seedling vigor, forage
and seed yield, and other desirable traits.
Eighteen clones were ultimately
selected from the breeding population and
isolated in a crossing block to produce an
experimental strain. The new hybrid strain
was evaluated on several range sites in
the Intermountain west and was subsequently released as the cultivar, 'Hycrest.'
It is the first interspecific hybrid of crested
wheatgrass to be released (Asay et al.
1985a).
Hycrest has been consistently more
vigorous and productive than Nordan and
Fairway on Intermountain range sites, particularly during stand establishment. The
superiority of Hycrest is most evident on
harsh range sites where it was difficult to
establish previously available cultivars.
This is exemplified in trials conducted at
Lakeside, Utah, near the Bonneville Salt
Flats (Table 1), on a site that receives an
average of 6.1 inches of annual precipitation and with moderately saline soils. In
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PHOTO CAPTIONS

TOP PHOTO
Hycrest, a hybrid between Fairway and Standard crested wheatgrass.

CENTER
P. O. CUrrie, Miles City, ARS
range sCientist, inspecting the RS
hybrid (left) and Russian wlldrye on an
extremely saline site

LOWER CENTER
From left to fight, plots of Fairway,
Western wheatgrass, Hycrest (center),
Western wheatgrass, and Nordan on
an extremely dry site near Lakeside,
Utah. An excellent stand of Hycrest
was established even though the site
was infested With halogeton and
cheatgrass.

LOWER LEFT
Quackgrass x bluebunch wheatgrass
(RS hybrid), one of the promising
hybrids selected for tolerance to SOil
salinity.

Photos: The authors

New Grosses
add ition, the experimental area was
infested with halogeton (Halogeton
glomeratus) and cheatgrass (Bromus
tectorum) .
Excellent stands of Hycrest were
obtained and the halogeton and cheatgrass were virtually eliminated after two
years. Average forage yields on the two
sites at Lakeside during the first year after
stand establishment were 2,330, 1,380,
and 860 Ibs per acre for Hycrest, Nordan,
and Fairway respectively. During the next
season, the three cultivars produced
1,830, 1,340, and 1,260 Ibs of forage per
acre. Similar results were obtained in trials
at the Blue Creek Research Station where
Hycrest produced as much forage as
Nordan and Fairway combined during the
establishment year (Table 1). The advan tages of Hycrest were less pronounced at
Decker, where soil moisture was less limiting. Cytological studies have shown the
new cultivar to be genetically stable and it
has excellent seed-yielding potential.
Crosses have been made to expand the
genetic base and to upgrade the Fairway
X Standard hybrid. Recent explorations in
China and USSR also have added promis ing plant materials to our inventories, and
selections are being incorporated into
crested wheatgrass breeding populations.

Russian Wildrye
Once established, Russian wildrye is one
of the best sources of grazing on semiarid
rangelands of the Intermountain West and
the Northern Great Plains. This cool season perennial bunchgrass is native to
the steppe and desert regions of the
USSR and China.
Although it was introduced in the US in
1927, its value in reseeding depleted
rangelands was not fully recognized until
the 1950s (Hanson 1972).
Russian wild rye is resistant to drought
and its dense basal leaves are nutritious
and palatable. Although productive during
the early spring, it retains its nutritive
value better during the late summer and
fall than many other grasses, including
crested and intermediate wheatgrass.
However, Russian wildrye is difficult to
establish, particulary on harsh range sites,

and its seed tends to shatter soon after
maturity.
Improvement of seedling vigor has been
a major objective of Russian wildrye
breeding programs in the U. S. and Can ada (Asay and Johnson 1980, Berdahl
and Barker 1984, Lawrence 1979).
Improved cultivars recently released from
these programs are substantially more
vigorous during stand establishment.
Selection to reduce seed shattering in
Russian wild rye has been limited largely
to a breeding program conducted by Agriculture Canada at Lethbridge, Alberta.

Bozoisky-Select, released by our
USDA-ARS breeding program at Utah
State University (Asay et al. 1985b), was
derived from an introduction from the
USSR (PI 406468, Bozoisky). The breeding population was repeatedly screened
for improved seedling vigor. BozoiskySelect has been easier to establish and
consistently more productive than Vinall
on semiarid range sites (Table 1). We are
continuing to screen populations for
improved stand establishment characteristics in the field and greenhouse. Strains
that are more productive and easier to
establish than Bozoisky-Select should be
available with in three to four years.

Wide Hybridization Breeding

Scientists are devefopifl9 some

rematia6Ce new 9msses for
1lln9efiuu(s, ~ hy~,
6ClSelf on q~mss.

The first cultivars from North American
breeding programs, 'VinalI' and 'Sawki'
were released in the 1960s. Vinall was
developed by the USDA-ARS at Mandan,
North Dakota, primarily on the basis of
large seed, seed yield, and forage yield.
Sawki , a 1O-clone synthetic cultivar with
improved forage and seed yield, was
released by Agriculture Canada at Swift
Current. In 1971 , the cultivar 'Mayak' was
released from the breeding program at
Swift Current. It reportedly produced more
forage and seed than Sawki (Hanson
1972).
Russian wildrye breeding programs
have also developed the cultivars 'Swift,'
'Cabree,' and 'Bozoisky-Select.' Swift,
developed by Agriculture Canada, Swift
Current, has demonstrated excellent
stand establishment vigor in Canadian
evaluation trials (Lawrence 1979). Cabree,
developed by Agriculture Canada, Leth bridge, has improved resistance to shattering (Smoliak 1976).

Interspecific hybridization is a potentially
valuable breeding procedure for transferring genetic traits among existing species
and for combining two or more species in
a " new species." Wheatgrasses, wildryes,
and related grasses are particularly well
suited to this method of genetic improvement. Hybridization occurs frequently
among these species and many are
natural polyploids of hybrid origin. Some
grasses of the group have been artificially
synthesized through hybridization and
chromosome doubling. For example,
Dewey (1975) concluded that thickspike
wheatgrass (Elymus lanceolatus) and
beardless wildrye (Leymus triticoides) , or
closely related grasses, were the parents
of western wheatgrass, Pascopyrum
smithii.
Several obstacles have prevented
breeders from achieving the full benefits
of wide hybridization. Most FI hybrids are
partially to completely sterile and are usually agronomically inferior to the parental
species. Fertility can be achieved by
doubling the chromosome number of the
sterile hybrids through treatment with col chicine, but for reasons not completely
understood, fertility often declines in subsequent generations (Asay and Dewey
1976). Even in some hybrids where fertility
levels are maintained, vegetative vigor
declines after chromosome doubling.
Segregation for deleterious characteristics, such as chlorophyll deficiencies, also
may occur for several generations.
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breeder's perspective, the logical goal
was to combine the bunch-type (caespitose) growth habit, drought resistance and
forage quality of bluebunch wheatgrass
with the persistence, durability, productivity, and salinity tolerance of quackgrass.
However, the FI cross was a major disappointment. It was a pentaploid (35 chromosomes), meiotically irregular, morphologically variable, and in general had poor
vegetative vigor. Various "offtypes" were
also common. Because the hybrid was
partially fertile, generations were
advanced without chromosome doubling
(Dewey 1976).

PHOTO CAPTION

D. R. Dewey's world collection of range grasses near Logan. It is a rich source of germ plasm for
breeding programs.

Because most interspecific hybrids are
inferior to naturally occurring species,
intensive screening is necessary to identify those populations good enough to be
included in a breeding program. In addition, several cycles of selection are then
required to achieve acceptable levels of
fertility and genetic stability.
D. R. Dewey, USDA-ARS cytogeneticist
at Utah State University, has assembled a
world-wide collection of range grasses,
from which over 250 hybrid combinations
have been derived. As expected, many
hybrids are sterile and others, although
fertile, have little agronomic merit. However, several promising hybrids have been
included in our breeding program. These
are:
• quackgrass (Elytrigia repens) X Bluebunch wheatgrass (Pseudoroegneria
spicata)
• quackgrass X thickspike wheatgrass
• quackgrass X Fairway and Standard
crested wheatgrass
• quackgrass X Pseudogoegneria
stipifolia
• three-way hybrid involving quackgrass,
Standard crested wheatgrass, and
Thinopyrum curvifolim
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• bluebunch wheatgrass X thickspike
wheatgrass
• intermediate wheatgrass X Thinopyrum
acutum
• Altai wildrye (Leymus angustus) X
Great Basin wildrye (L. cinereus) and
mammoth Wildrye (L. giganteus)
One-half of these hybrids have quackgrass in their parentage, a species indigenous to Eurasia (Hitchcock 1951) whose
overly aggressive growth makes it a noxious and troublesome weed in many
areas. But quackgrass is a valuable
source of forage in many temperate
regions of the world. It is a productive
long-lived perennial with excellent soilbinding characteristics and salinity tolerance (Asay and Knowles 1985).
The most promising hybrid in our program appears to be the quackgrass X
bluebunch wheatgrass. Bluebunch
wheatgrass, a cool season, bunch-type
grass native to the rangelands of western
North America, has excellent nutritional
value and is selectively grazed in mixtures
with other species; stands are often
depleted under heavy grazing pressure
(Mueggler 1975). The initial cross was
made in 1962 (Dewey 1967). From a plant

After eight cycles of selection, a fertile
breeding population with relatively good
fertility and a stable chromosome number
of 42 was obtained. The hybrid had characteristics of both parental species. Evaluation trials indicated that the potentially
new cultivar was best adapted to a similar
precipitation zone as intermediate wheatgrass (12-18 inches). Forage quality, forage yield, and drought resistance of the
hybrid were intermediate to the two parents. Preliminary data indicated that when
adequate moisture was available, the
hybrid was more persistent and withstood
continuous grazing better than bluebunch
wheatgrass. Ample genetic variability in
the breeding population make it possible
to improve forage and seed yield (Asay
and Hansen 1984). The hybrid has been
moderately susceptible to the grass billbug (Sphenophorus parvulus) , particularly
under drought stress, but genetic variability and heritability values suggest that
resistant strains can be developed (Asay
et aI.1983). Two germplasms, designated
RS-1 and RS-2, were released in 1981
(Asay and Dewey 1981).
Because of the aggressive growth habit
of the quackgrass parent, the degree of
vegetative spread (rhizome development)
in the hybrid population is a major concern. Rhizome development in the present
breeding population ranges from bunch
type to moderately rhizomatous. Selection
for rhizome development has been particularly encouraging, and true-breeding
caespitose or rhizomatous types have
been obtained after two cycles of selection (Asay and Hansen 1984).

New Grosses
Several trials indicate that the RS hybrid
is exceptionally tolerant of excess soil
salinity. In trials conducted by P. O. CUrrie
and R. S. White on a saline meadow near
Miles City, Montana, forage Yields averaged over 4,900 Ibs / acre compared to
3,840 Ibs / acre for Garrison creeping fo tail (Alopecurus arundinaceus), 2,680
Ibs / ac re for Alta i wildrye, and 2,320
Ibs / acre for Russian wildrye. Greenhouse
trials suggest that the hybrid may be
about as salt tolerant as tall wheatgrass
( Thinopyrum ponticum) . The RS-1 and
RS-2 populations are now being screened
in cooperative trials conducted at Miles
City and the USDA-ARS Salinity Laboratory at Riverside, California, to improve
salinity tole rance.
Other promising breeding populations
have been derived from hybrids with
quackgrass and related range grass
spec ies. The FI hybrid between quackgrass and crested wheatgrass is a notable
example. Although th is hybrid is sterile, it
has shown exceptional potential for
revegetating areas disturbed by surface
mining or other construction activities.
Chromosome doubling improves the ferti lity of the hybrid, but lowers its vegetative
vigor.
We have recen tly included the quackgrass X th ickspike wheatgrass hybrid in a
breeding program. Although both parents
of th is hybrid are rhizomatous, segregation
in the F3 generation suggests that caespitose types with a com bination of selected
parental
Breeding work also has been initiated
with the quackgrass X P. stipifolia hybrid.
P. stipifolia, native of Asia, is a close relative of bluebunch wheatgrass. Th is hybrid
is similar to the RS hybrid, but early
generations have fewer deleterious offtypes. It appears to be more productive
tha n the RS hybrids.
Six generations of selection have been
completed with the bluebunch wheatgrass
X th ickspike wheatgrass hybrid (desig nated SL hybrid). Th is advanced generation population is fully fertil e and
genetically stable. It is more upright than
thickspike wheatgrass and more robust
than bluebunch wheatgrass. The strain is
now being screened under range cond i-

TABLE 1. Forage yield of created wheatg......nd Ru....n wlld"e cultlv.... on live range .....
durtng stand eatabll8hment (Yr-1) .nd aubHquent aeasona (yr-2.nd Yr-3).

location'
Cultlvar

Decker, MT

Blue Creek

Yr-1

Yr-1

Yr-2

Yr-2

lakeside
Yr-2

Yr-3

I

Thlokol

MaIta,ID

I

Yr-2

Yr-3

Yr-2

Yr-3

3520
2170
2830
2260
1130
740

2380
1740

2240
1550

1250
1000

1810
1220
420

1480
960
450

980
640
370

lba/acre
Hycrest
Nordan
Fairway
Boz-Sel
Vinall
LSD (0.05)

3650
3380
3240
1060
730
490

Forage yields during 1985

1810
1460
1520
750
420
500

1200
430
560
370
400
110

2280
1840
1590
1220
1280
540

2330
1380
860
770
250
350

1830
1340
1260
1440
730
220

r-2 at Dec ker, Yr-2 at Blue Creek, and Yr-3 at Malta) were severely reduced by grasshoppers.

tions to improve its stand establishment
c haracteristics. We expect to release the
SL hybrid as a cultivar with in three years,
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Death Rates and Life Expectancies in Utah:
Where You Live May Make a Difference

A

life table shows specific mortality
conditions for each age and sex
in a certain region . In other words, a life
table simply presents a cross-sectional
view of mortality of people of different
ages at a given time.1
The first life tables by sex for Utah were
computed in 1940 by the National Center
for Health Statistics. Since then, complete
life tables (tables computed for single
years of age) for males and females have
been constructed for 1950, 1960, and
1970. The complete life tables for Utah for
1980 will soon be published by the
National Center for Health Statistics.
The National Center for Health Statistics does not construct the abridged life
(tables for 5- or 1O-year age groups) for
states, however. Abridged life tables for
1960 were first constructed for Utah by
Black and Tarver2 and have been computed for Utah males and females by Kim
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for 1960 and 1970.3 Abridged life tables
were prepared by the Bureau of Health
Statistics, Utah Division of Health, for male
and female residents of Utah for 1960 and
1970.4 The Bureau of Health Statistics
also prepared a 1980 abridged life table
for Utah. However, life tables for the geographic areas smaller than the state have
not been constructed.
The death rate in Utah has gradually
declined, and Utah now has one of the
lowest mortality rates in the nation. Table
1 shows that the crude death rate for
Utahns, has declined from 11 .5 per 1,000
population in 1920 to 5.5 in 1980. The
crude death rate for the United States
declined from 13.0 in 1920 to 8.8 in 1980.
During this period, the difference between
the crude death rate in Utah and the
United States has widened from 11 .5 percent in 1920 to 30.5 percent in 1980.
However, the mortality rate is not uni-

formly low in all geographic areas of Utah.
For example, the crude death rate for
1980 (based on the average of deaths
reported in 1979, 1980, and 1981 and the
1980 census population) ranged from 9.73
and 6.80 per thousand males and
females, respectively, in Central Utah
(including Juab, Millard, Piute, Sanpete,
Sevier, and Wayne counties) to only 4.90
and 3.89 per thousand males and
females, respectively, in Mountainland
(including Summit, Utah, and Wasatch
counties) (Table 2).
In other words, the death rates for
males and females in the Central Utah
District were 56 percent and 41 percent
higher, respectively, than comparable
death rates in Utah. Death rates for males
and females were 21 percent and 19 percent lower, respectively, in the Mountainland District. The death rates differ by as
much as 99 percent between districts.

Y. KIM and L. BAAL
Preparing District Life Tables
TABLE 1. Crude death rates for Utah and United States, 1915· 1983.

District life tables are usually based on the
reported number of deaths by age and
sex in each planning district. These fig ures are usually derived from vital statistics and the census data. However,
because of the small number of reported
deaths and the relatively small base population in many planning districts of Utah, it
was not possible to construct district life
tables directly from the available data. In
four of the eight planning districts, fewer
than 200 deaths were reported annually,
and the total male or female population
was less than 30,000. It would be desirable to have a total population of a million
people or more to construct life tables.
The population of the Salt Lake CityTooele District (SLC-Tooele District), the
largest planning district in Utah, was only
318,878 males and 326,221 females in
1980.
Therefore, an alternative method, the
"modified indirect standardization
method" was developed in this paper to
compute life tables for the planning districts. Based on the average annual
number of registered deaths in 1 979,
1980, and 1981 in Utah and 1980 census
data, death rates for 5-year age groups
were first computed for Utah males and
females.These age -specific death rates
were then used to construct the abridged
life tables following the Reed -Merrell
method,S one of the most commonly used
short-cut procedures for calculating
abridged life tables.

Year

Utah

USA

Year

Utah

USA

1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948

9.7
10.3
10.4
14.2
11 .0
11 .5
10.5
10.5
9.5
10.5
9.2
10.4
9.5
10.1
10.0
9.9
8.7
8.5
8.4
9.2
9.6
9.7
9.4
9.1
8.7
8.8
8.1
7.6
8.1
8.0
7.9
7.5
7.7
7.6

13.2
13.8
14.0
18.1
12.9
13.0
11 .5
11 .7
12.1
11 .6
11 .7
12.1
11 .3
12.0
11 .9
11 .3
11 .1
10.9
10.7
11 .1
10.9
11 .6
11 .3
10.6
10.6
10.8
10.5
10.3
10.9
10.6
10.6
10.0
10.1
9.9

1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

7.0
7.3
7.3
7.5
7.2
6.9
6.7
6.8
6.8
6.8
6.7
6.7
6.5
6.6
6.7
6.5
6.7
6.8
6.4
6.7
6.5
6.6
6.6
6.5
6.5
6.2
6.1
5.9
5.8
5.8
5.6
5.5
5.4
5.4
5.3

9.7
9.6
9.7
9.6
9.6
9.2
9.3
9.4
9.6
9.5
9.4
9.5
9.3
9.5
9.6
9.4
9.4
9.5
9.4
9.7
9.5
9.5
9.3
9.4
9.3
9.1
8.8
8.8
8.6
8.7
8.5
8.8
8.6
8.6
8.6

Sources: Utah State Department of Health. Utah Vital Statistics. Annuat Report. 1945 p. 5. 1971 . p. 2 and 1981 . p. 4.

u.s. National Center for

Health Statistics. Vilal Statistics of the United States. Annual Report. various years.

Bureau of the Census. Historical Statistics of the United States. Colonial Times to 1970. Part 1. Washington. D.C .. 1975. p. 59.

TABLE 2. Average number of registered deaths, 1979·1981 , crud. . death rates, and percentage differences In the death rates for planning districts,
Utah, 1980.
Planning
District

Deaths'

Male
population

C.D.R.2

Percent
difference

Deaths

Female
population

C.D.R.'

Percent
difference

Bear River
Weber River
SLC-Tooele
Mountainland
Central Utah
Southwest Utah
Uintah Basin
Southeast Utah

278
845
2.027
571
228
235
127
205

46,123
147,827
318.878
116,469
23,414
27.525
17.138
27.129

6.03
5.72
6.36
4.90
9.73
8.54
7.41
7.56

- 3.21
- 8.91
+2.08
- 21 .35
+56.17
+37.08
+18.94
+21 .35

225
653
1,684
468
161
162
74
135

46,375
148,246
326.221
120,358
23,673
27.964
16,704
26.995

4.85
4.40
5.16
3.89
6.80
5.79
4.43
5.00

+.41
- 8.90
+6.83
-19.46
+40.79
+19.87
-8.28
+3.52

Utah

4,516

724.503

6.23

3,561

736,536

4.83

Three -year average of the reported deaths centering in 1980. the census year.
2Crude Death Rate.
I
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Where You Live May Make a Difference
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TABLE 3. Age-.tandardlzed death rat.. tor planning dl8trlcts, and percentage dlflerenc.. from
the .tate death rate, Utah, 1980.

DIatrtct

Percent
dttlerence

S.D.R.'

Bear River
Weber River
SLC-Tooele
Mountainland
Central Utah
Southwest Utah
Uintah Basin
Southeast Utah

S.D.R.'

Percent
difference

5.27
5.59
6.61
4.37
10.01
8.29
9.54
8.74

- 15.40
-1 0.37
+5.99
- 29.98
+60.53
+32.97
+53.05
+40.17

4.31
4.19
5.33
3.81
6.81
5.57
5.20
5.59

- 11 .76
- 13.28
+10.21
- 21 .26
+40.79
+15.28
+7.49
+15.56

6.23

0.00

4.83

0.00

Utah

~

F.......

Ma"
Planning

' Standardized Death Rate.

TABLE 4. EatIIMtM agelpedlc moNIty me. lor pI8nnIng diebtcta, UWI, 1110.

.....

Weber

SLC·

Age

RIver

River

Tooele

1IountIIIn·
I8nd

0
1-4
5·9
10· 14
15· 19
20· 24
25·29
30·34
35·39
40·44
45-49
50·54
55·59
60·64
65·69
70·74
75·79
80·84
85+

10.01
056
030
034
102
145
1.27
135
165
2.30
363
5.99
944
1451
23.66
36 72
54 71
8861
14956

10.61
060
032
0.36
108
154
134
143
175
244
3.85
6.35
1001
1538
25.08
38.93
57.99
93.93
158.54

1254
0.71
0.38
0.43
1.27
182
1.59
1.69
207
289
455
7.50
1183
1818
29.65
4601
6854
111.02
187.39

829
047
0.25
0.28
084
120
105
112
137
191
300
496
7.81
1201
1959
30.40
4528
73.35
123.80

0
1-4
5·9
10·14
15· 19
20· 24
25·29
30·34
35·39
40·44
45·49
50·54
55·59
60·64
65·69
70·74
75·79
80·84
85+

733
0.49
019
0.17
047
040
0.51
0.70
086
146
223
322
5.64
765
12.77
2046
3335
6171
13410

712
0.47
019
0.16
0.46
0.38
0.50
068
0.84
142
217
3.13
548
743
12.41
19.88
3241
5997
130.31

905
060
024
021
0.58
0.49
0.63
0.86
1.07
1.80
2.75
3.98
6.97
9.45
1577
2526
4119
7621
16560

6.47
0.43
017
015
0.42
035
045
062
0.76
129
197
2.84
4.98
6.75
1127
1805
2943
54.45
11831

....

Cenhl
UtIIh

.......

1900
107
057
065
1.93
2.75
240
256
314
4.37
6.89
1136
17.91
2754
44.91
6969
103.81
168.16
283.82

11.57
0.71
0.31
027
075
0.62
0.81
110
136
2.30
3.52
5.08
8.90
12.07
20.15
3227
52.62
97.36
21155

Bain

.......

1574
0.88
0.48
054
160
228
1.99
212
260
3.62
571
941
14.84
22.81
3720
5772
8599
13929
235.09

1811
102
0.55
0.62
1.84
2.62
229
2.44
2.99
417
6.57
10.83
17.08
2625
42.81
66.44
9897
160.31
270.58

1659
093
050
057
169
240
210
224
274
382
601
9.92
1564
2405
3921
6085
90.64
14682
247.82

11 .83
0.67
036
0.40
1.20
1.71
150
1.60
1.95
2.72
429
7.08
11.16
1715
27.97
43.44
6467
104 75
176.80

9.47
0.63
0.25
022
061
051
0.66
0.90
112
188
288
4.16
729
988
16.50
26.43
4308
79.72
173.22

8.83
059
023
020
0.57
0.48
062
0.84
1.04
1.75
269
3.88
6.80
9.21
15.38
24.64
4017
7433
161.51

9.49
0.63
025
022
061
051
066
091
112
189
289
417
731
991
1653
2649
4319
7991
17364

822
0.55
022
0.19
0.53
044
0.57
0.78
097
1.63
2.50
3.61
632
a57
14.31
2292
3737
69.15
15026

South·

UInWI

South·

UWI

F..-

In order to establish mortality differentials by planning districts, the agestandardized death rate for each planning
district was calculated following the indirect standardization procedure. The following procedures were used to assess
the differences in mortality among the
planning districts: First, the total number
of deaths by sex for the years 1979, 1980
and 1981 was used to compute the 3-
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year average number of deaths by sex for
each planning district; this represented an
accurate number of deaths for the planning district for 1980, which is referred to
as actual deaths. Second, the expected
number of deaths by sex was calculated
for each planning district by applying agespecific death rates 5-year age group)
for Utah to the population of each planning district. This sum is referred to as the

expected number of deaths. The ratio of
actual deaths to expected deaths was
then multiplied by the crude death rate of
each planning district to obtain each districl's standardized death rate. These
standardized death rates are shown in
Table 3. To establish differences in mortality among districts, district standardized
death rates were compared to the standard death rates for Utah (Table 3).

Death Rates and Life Expectancies in Utah:
,TABLE 5. LHe expectancy .t birth tor ma....nd ......... by pl.nnlng district .nd dlfferenc.. from
life expectancy tor the ...... Utah. 1980.

II
Planning district

M....'ute
expectancy
at birth

Females' lite
expectancy
.t birth

Diflerence
from the atate

Dltlennce
fromtheatate

V..,.
Bear River
Weber River
SLC-Tooele
Mountainland
Central Utah
Southwest Utah
Uintah Basin
Southeast Utah

74.19
73.54
71 .60
76.20
66.38
68.81
67.01
68.14

+1 .02
+0.95
-0.99
+3.61
-6.21
- 3.78
- 5.58
-4.45

79.52
79.75
77.66
80.52
75.24
77.24
77.89
77.21

+0.12
+0.35
-1 .74
+1.12
-4.16
-2.16
-1 .51
-2.19

State of Utah

72.59

0.00

79.40

0.00

The standardized death rates (the death
rates which eliminate the effects of age)
reveal considerable variation among different districts. For example, the standard ized death rates for males and females
were highest in the Central Utah District
and lowest in the Mountainland District.
For males, the standardized death rate
ranged from 10.01 per thousand in Central
Utah to only 4.37 in Mountainland. It was
6.23 per thousand for the state of Utah.
Similarly, the standardized death rate for
females was highest in Central Utah (6.81
per thousand) and lowest in the Mountainland District (3.81 per thousand). The
comparable state figure was 4.83 per
thousand. In other words, the standardized
death rates for males and females in the
Central Utah District were 61 percent and
41 percent higher, respectively, than for
Utah. Male and female standardized death
rates were 30 percent and 20 percent
lower in the Mountainland District, respectively, than in the state.
The age-specific death rates for each
planning district were then derived for
males and females. based on the ratios of
regional and state standardized death
rates. The estimated age -specific death
rates for the planning districts are presented in Table 4. Age-specific death
rates derived above. were used to compute life table functions for state planning
districts following the Reed-Merrell
method. The resulting life expectancies at
birth for males and females for each of the

eight planning districts and for the state
are summarized in Table 5.

Drastic ~es are required
to improve the ftta!th of rum!

utahns so their cIianus of
SUtVivaC are similar to those
who five alOf19 the wasatch
Front.

as well as the level of education and
income, and many other factors.

Summary and Conclusion
Life expectancies, perhaps the most
accurate measure of mortality. differed
considerably among districts and
between males and females. Results
clearly suggest that there are real and
very significant differences in mortality
between the Wasatch Front and rural
planning districts. Drastic changes in
policy and new programs are required to
improve the health of rural Utahns so their
chances of survival are similar to those
who live along the Wasatch Front. Very
low life expectancies for males in rural
Utah. compared to life expectancies for
females in the same district or for males in
other districts. are particularly alarming.
The district life tables reported here
seem to accurately reflect differences in
mortality among regions. This information
can be used to estimate the population in
different areas of Utah and to formulate
regional health, education and social
programs.

I For discussions on methodological details and various lile
table functions. refer to Yun Kim in collaboration with Lydia
Baal and Roger Swearengen. Abridged Life Tables for Males
and Females: Utah and Its Planning Districts. 1980. Uta h Agricultural Experiment Station. Research Report No. 106. October
1985.

2Therel R. Black and James D. Tarver. Age and Sex Population
Projections for Utah Counties. Utah Agricultural Experiment
Station. Bulletin 457. Logan. Uta h. 1965.

As can be seen from Table 5. life
expectancies for males range from 76.20
years in Mountainland District to only
66.38 years in Central Utah District. a difference of 10.18 years. Similarly. the life
expectancies for females ranged from
80.52 years in the Mountainland District.
to 75.24 years in the Central Utah District.
a difference of 5.28 years. In general. life
expectancies were higher along the
Wasatch Front (Mountain land. SLCTooele. and Weber River). and the Bear
River Districts and lower in the largely
rural districts (Central Utah, Southwest
Utah. Uintah Basin and Southeast Utah).
These differences in life expectancies
undoubtedly reflect the quality of medical
and public health services, housing. water,

3Yun Kim in collaboration with Michael MacFarlane and Kat suaki Oki. Population Projections by Age and Sex for Utah
Counties, 1970-2000. Volume 1. Utah Agricultural Experiment
Station. Research Report 28. December 1976.
·Utah Division of Health. Bureau of Health Statistics. Uta h
Health Profile. July 1972. Tables B30-B35.
5Lowell J. Reed and Margaret Merrell. "A Short Method lor
Constructing an Abridged Lile Table." American Journal of
Hygiene. 30(2):33-62. September. 1939; reproduced in U.S.
Bureau 01 the Census. Handbook of Statistical Methods for
Demographers. 1951 . pp. 12-27; and summarized in Henry S.
Shryock. Jacob S. Siegel and Associates. The Methods and
Materials of Demography. Bureau 01 the Census. U.S. Depart ment 01 Commerce. U.S. Government Printing OHice. Washington. D.C. Third Printing (rev.):September. 1975. pp. 443-444.
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Helping the Dairy Industry
Help Itself
T

he dairy cow, once touted as the
foster mother of the human race ,
hasn't received much praise in recent
years. Neither has the dairy industry. This
is in large part due to the costs of surplus
milk. While it appears that rocky times will
prevail in the dairy industry for a little
longer, researchers at Utah State University are convinced that the future will bring
better times for the dairy industry.
"The dairy industry will have to help
itself since anything the government does
seems to delay the inevitable," says
Anthon Ernstrom, a well known dairy
researcher and former head of the Nutrition and Food Sciences Department.
There's plenty of dairy-related research
underway at USU to make sure the dairy
industry will indeed be able to "help itself."
The research concerns all aspects of
dairying, from the microbes in a cow's gut
to the final milk product. And while none of
the researchers offers easy solutions to
the financial pressures that confront many
dairy farmers, all of the research promises
in some way to help raise profits, bolster
consumption and improve the quality of
dairy products.
Dr. Arambel's " Power" Diets
for Bovines?

Dairy nutritionist Michael Arambel has
several research projects covering a variety of nutrition-related topics, including
the evaluation of several hay preservatives-organic acids, bacterial enzymes,
bacteria, and fermentation extracts- that
could let farmers bale hay sooner, thus
avoiding weather damage and leaf loss
when dry hay is baled. Preliminary results
indicate that the preservatives definitely
reduced nutrient loss, cut drying time by
two days, and extended the baling time.
Next year he will study drying agents
(dessicants) such as potassium carbonate that can be added when hay is in the
swath. After chemical analyses of hay, he
will determine whether these agents have
any effects on cows.
Arambel is also studying rumen fermen tation aids, one type which may aid fiber
digestion for cows and another which
theoretically "crowds" out harmful bac-
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teria in the small intestines of calves, and
may help reduce the incidence of calf
scours. The latter microorganisms seem
to also benefit digestion in cows, but for
different reasons.
Graduate student Randy Wiedmeier and
Arambel are also studying whether drugs
can stimulate salivation , an essential
ingredient in ruminant digestion. Saliva,
whose production is stimulated when a
cow chews her cud, buffers the rumen
environment, stimulating multiplication of
the right kind of microbes, and thus
increases the rate of passage through the
digestive system. The quicker feed is
digested, the more cows can eat, and
perhaps the higher the production. That at
least is the theory, and a preliminary test
involving cows with fistulated rumens
indicate that some saliva -stimulating
drugs increase the rate of nutrient passage by about 10 percent. The
researchers will determine whether these
drugs have similar effects on lactating
cows whose diets differ markedly from the
maintenance rations of rumen -fistulated
animals. Ways of administering drugs are
also studied, as are different dosage rates .
Arambel has studied the effects of the
drug in meadow voles, a small rodent
whose predigestive system is similar to
that of ruminants. "They're easier to study
than cows," Arambel explains. They're
also less expensive. The drug dose was
much higher than would ever be used, but
was so effective in stimulating saliva production that the voles' salivary glands
were essentially worn out.
The effects of phytoestrogens, com pounds related to the hormone estrogen
which may affect the estrous cycle of
cows, are also being examined.
Researchers elsewhere have shown that
phytoestrogens affect the estrous cycle in
rats. Arambel plans to initially experiment
with sheep, and then determine whether
phytoestrogens affect the estrous cycle in
cattle, where their effects may be " more
critical. These compounds may cause
side effects that we do not yet recognize, "
Arambel adds.
The dairy nutritionist is also evaluating
fermentation products for silage and
rumen buffers. Other research concerns

the straw from wheat grown in zerogravity (see related article th is issue).
Since straw from wheat grown in space
contains less lignin than that grown on
Earth, it might be a possible source of
animal feed or, since it's easier to ferment
and yields should be higher, used to make
alcohol or single-cell protein . He and fellow scientists Randy White, Mark Healey,
and R. Sharma are also determining
whether supplemental vitam in E will
increase calves' resistance to disease.
Arambel also hopes to study different
strains of yeast that might be able to convert cheese whey into a protein-rich product suitable for livestock or human consumption. After testing various strains, he
hopes to evaluate the product with
chickens and lactating cows before trying
to develop products for human
consumption.
Reproduction-In The Dairy Busln...,
AI Doesn't Mean U Artificial Intelligence"

Robert Lamb, animal scientist at USU and
research leader with USDA's Agricultural
Research Service, is determining how
dairy farmers can improve their
reproduction management. The integrated
reproduction management project is the
result of requests by livestock and dairy
producers who asked Congress and the
USDA to involve producers and the
Extension Service in research relevant to
dairy and livestock. The cooperative
project also involves USU Extension dairy
scientist Wallace Taylor and post-doctoral
scientist Dave Marcinkowski.
So far, results from their survey of 100
Utah herds enrolled in the DHI program
indicate that estrus detection appears to
be the primary reproductive problem. Data
indicate producers fail to detect about 50
percent of heats, thus increasing the
number of days open and lengthening
calving intervals.
The researchers will eventually peg a
dollar value on reproduction costs to help
dairy farmers determine whether or not to
use appropriate corrective management
practices.
A related survey in cooperation with the
Extension Service in Idaho also found that

estrus detection was a major problem in
150 herds in southeast Idaho, and identified problems with calf management. Calf
death losses averaged 21 percent before
one year of age (16 percent during the
first month), but ranged from less than 5
percent in some herds to more than 50
percent in others. Certain management
practices are definitely associated with
calf losses, including the type of housing
and proper feeding of disease-fighting
antibodies in colostrum.
Another related study concerns the
effects of stress and nutrition on reproductive performance. " Essentially, we 're studying changes in body weight on diets containing 70 to 130 percent of NRC
standards. Some weight loss after calving
is normal, but cows that lose too much
weight may not breed back as well. The
goal is to minimize weight loss and get the
cow back on a positive energy balance, "
Lamb says.
There have been several studies in the
United States using growth hormones,
which promise to increase milk production
by as much as 20 percent per lactation.
USU will be involved in one of the first
studies over several lactations to determine whether these hormones have any
adverse effects on health or on subsequent reproductive performance. "There
are still a lot of unanswered questions
about using the synthetic growth hormones," Lamb says.
Near infrared reflectance spectroscopy
(NIRS) is a rapid and accurate method of
evaluating forages. In Utah, the method
has also been used to detect chemicals in
range grasses linked to birth defects,
screen native range plants for use as
alternative sources of fuel alcohol, and
measure nitrite levels in common range
plants. USDA scientist David Clark is
developing techniques to ensure the
accuracy of NIRS analyses, an important
step in using the technique on forages
and other materials. "There are a variety
of potential applications," Lamb says,
"and we have just barely scratched the
surface in this area." It now appears that
NIRS techniques can screen materials for
certain minerals by detecting levels of
related materials. Rapid and accurate

NIRS techniques could markedly increase
the use of feed analyses and ration
balancing, techniques which dramatically
increase profit margins in dairying.
Lamb will also evaluate single-cell protein, formed when liquid cheese whey is
fermented to convert lactose to protein.
The research will compare different levels
and forms of the protein (dry, liquid and
cake) to diets based on soybean meal
and cottonseed meal. "For the dairy industry, this may be the ultimate form of recycl ing," Lamb says.
The Dollars and Sense of Dairying

Economist Jay Andersen has found that
many dairymen simply aren't producing
milk as economically as they could. One
culprit is over investment in facilities such
as milking parlors, some of which
Andersen says could handle three or four
times as many cows as are currently
milked. "The debt service on some of that
capital investment is really hurting some
farmers," Andersen adds. Cash flow must
increase to cover the costs of the capital
invested.
Studies of least-cost rations also indicate that "feed costs for many herds are
well above what's needed to produce 100
pounds of milk." Many dairy farmers are
not feeding precisely to match cows' production potential and maintenance
requirements. Andersen also found that
the quality of hay is very important,
although whether corn silage was part of
the ration didn't have much impact on the
cost of milk production. Farm records also
indicate that " using land to produce feed
is not as profitable as good management
of dairy herds." In other words, some dairy
farmers might be better off purchasing
some feed and spending more time on
improving herd management.
Economist Rondo A. Christensen is
studying the impact of transportation
costs on the location of fluid milk processing facilities. Even if fuel and transportation costs increase, it appears that it's
more economical to consolidate plant
locations than to build more plants.
He is also determining whether it pays
to identify and divert only high-protein

Grade A milk from fluid use to cheese
manufacturing. In other words, this practice might be profitable if the value of the
additional cheese that could be made
from this milk exceeds the extra cost of
separate truck routes required to assemble the high-protein milk.
And You Thought Cows Were Dumb

Perhaps dairy scientist Clive Arave can't
be blamed if his research causes him to
acquire some anthropomorphic tendencies. Consider what he's found out so far:
For some reason , calves raised in isolation subsequently seem to produce
hundreds of pounds more milk than those
raised with their peers, perhaps because
isolated calves " imprint" on their human
caretakers. Arave's findings will be put to
the ultimate test in the next few years in
California where embryos have been split
to produce identical calves, some of
which will be raised in isolation.
Arave is also determining whether cows
can discriminate among colors. So far,
" operant conditioning " trials in which
animals are taught to associate behavior
with rewards indicates that they can tell
the difference between some colors,
information which may eventually help
cattle learn to avoid certain poisonous
plants and perhaps train cows to do other
things as well. "The more we learn, the
more practical applications there might
be," although Arave stops well short of
claiming that cows will do anything like
read books.
Arave is also studying.the palatability of
processed chicken wastes added to dairy
concentrates and how feed flavoring and
masking agents affect intake of rations
containing various levels of these wastes.
Other experiments will determine whether
rations containing processed chicken
manure will support high levels of milk
production.
And then there's the cherished notion in
the dairy industry that a contented cow is
a more productive cow. That might not be
so, if contented is defined as liking to
associate with people. Arave and his
coworkers visited 10 dairies this summer
to determine how the disposition of cows
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was related to milk production. They measured the approach distance (how close a
cow came to the observers), the flight
score (hOW close an observer could come
to a cow before she turned on her heels
and ran), and the milker's impression of
the cow's disposition.
The initial findings were somewhat of a
surprise to Arave, although the data
haven't been completely analyzed. "There
were amazing differences among herds,"
Arave says. In one herd, cows practically
sprinted away when they saw observers.
"One look at us and they were gone." And
it appears that the greater the flight
distance, the higher the milk production.
Arave isn't ready to conclude that cows
that don't like humans are more
productive cows, but there should be
some interesting results when he gets
through analyzing more than 2,000
records. Stay tuned ...
When People Say " Cheese" Around
Here, They're Not Posing for A
Photograph
Cheese making has changed a lot since
humans first found out that something
good came from curdled milk. But in some
respects, cheese making is still a seat-ofthe-pants art. No one wants to remove the
flavor and artistry from cheese making,
but USU food researchers are trying to
apply more science to the process.
Gary Richardson has developed
methods to correct "non-coagulating"
milk. Near the end of their lactations,
some cows produce milk which simply
won't coagulate to make cheese, a problem which persists even after mixing with
milk that will coagulate.
Richardson has also developed an
instrument that objectively measures
coagulation in cheese vats to help determine the best time to cut cheese. The
strength of curd is strongly related to
yields, and most cheesemakers now rely
largely on their judgment in determining
curd strength. Trials of the instrument in
three plants have uncovered marked differences in curd strength and coagulation
properties. The device is now being
tested. Another of Richardson's cheeserelated breakthroughs involves different
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cultures to ferment milk for cheese production. These lactic cultures "clearly
have a substantial yield advantage, especially the proteinase-negative cultures
which do not break down casein." Tests
indicate that the cultures could increase
cheese yields by 2 to 7 percent. With endproduct pricing, that could mean more
income for dairy farmers, and more
cheese at lower prices for consumers.

New processes capture more

of mi!k'5 proteins, ~,
and vitamins. Other
innovations promise to

incmlse. cfttsse. ~ 2 to 18

percent
Anthon Ernstrom is studying several
technological innovations that could have
dramatic implications for the dairy industry. One-ultrafiltration, in which the valuable components of milk are concentrated
by passing through a membrane-has
long been used to process whey and is
now used by some cheese plants in
Denmark and the United States.
"Normally, cheese is made when milk
sets and coagulates. Actually, the casein
coagulates and forms curd, trapping fat
globules. When curd is cut into little
cubes, heated and stirred, the curd
shrinks and expels the whey. Essentially,
the curd acts as a filter membrane,"
Ernstrom explains. Unfortunately however,
casein represents only about 80 percent
of the total protein in milk and the rest,
including 7 -10 percent of the milk fat and
some of the most nutritious proteins, are
lost in the whey.
With ultrafiltration, the valuable milk
constituents are concentrated five-fold
(e.g., 100 pounds of milk results in 20
pounds of retentate). Ultrafiltration recovers all of the fat and 99 percent of the protein. Ernstrom is now determining whether
ultrafiltration also captures more of the
minerals and vitamins in milk.
Different techniques are required to
make what is called curd for manufactur-

ing used in processed cheese. Instead of
relying on curd formation and heating to
remove moisture, moisture will be
removed from the ultra filtered retentate
via swept-surface vacuum evaporators.
Compared to conventional processes,
evaporated retentate increases yields of
curd for manufacturing by a whopping 18
percent.
Ernstrom is studying how retentate can
be used to manufacture cottage cheese.
"We have made excellent quality cottage
cheese with retentate, and are now
determining the yield advantage,"
Ernstrom says. The yield advantages are
substantial, but don't appear to be as
great as with curd for manufacturing.
Ernstrom is also studying a white
cheese manufactured from retentate.
Since the retentate is heat sterilized and
packaged under sterile conditions, it will
have extremely good keeping quality. Fla voring agents can be added to create a
flavored cheese or a product that can be
used for desserts.
Ernstrom is also a strong advocate of
end-product pricing, a pricing system in
which the price of milk is based on the
real value of the milk used in manufactured dairy products. The concept is
rapidly being adopted by plants around
the country. "Some dairymen would
benefit from this system and others would
be hurt, but it would put the manufacturing
industry on a solid financial footing. Under
the current pricing system, some dairymen are underpaid and others are overpaid for their milk. End-product pricing
would correct these inequities." He also
feels that the federal milk market order
system, which governs the price for Grade
A milk, will have to change so fluid milk
used for manufacturing is priced
accordingly.
Rodney Brown, head of the Nutrition
and Food Sciences Department, developed a quick and accurate method of
detecting antibiotics in milk. The test can
detect antibiotic-contaminated milk before
it ruins fermentation in an entire vat of
cheese or contaminates a load of milk. He
is now studying the effects of different
levels of various antibiotics that inhibit
cheese making, has developed a way to

measure casein levels in milk, (useful in
end-product pricing), and is now focusing
on the chemistry of milk coagulation. "We
need to understand the chemical structure of casein in milk. The sooner we
understand exactly what happens when
coagulating enzymes are added to milk,
the sooner we can better control the
cheesemaking process," Brown says.
Dairy microbiologist Jeffery Kondo is
also developing genetic engineering tech niques to improve dairy starter cultures
(pp. 77-78, Utah Science, Fall 1985).
These Cows Never Had It So Good

The construction of the George B. Caine
Dairy Research and Teaching Center
bolsters USU 's commiltment to dairy
research . The center includes a headquarters building, with laboratories, offices
and classrooms; a double-four, sideopening stall milking parlor; a teaching
herd unit with 60 comfort stalls where stu dents can handle individual cows; a 72 cow research facility in which cows outfitted with electronic transmitters will
activate doors for individual feeding ; a
behavior research unit with operant condi tioning chambers; and a milking parlor for
studies on how functions of milking
equipment affect cows' behavior. There
are also outside butterfly freestalls for 128
milking cows.
The center has already spurred
additional research , including the study on
growth hormone and one concerning the
relative merits of different types of
housing. "It lets us conduct a lot of
research that simply wasn't possible
before," says Lamb. "When we were
debating what type of dairy housing to
construct at the center, there simply
wasn't much information available on the
relative benefits of either type of housing."
As a result, it was decided to construct
both enclosed and exposed housing. A 3year study will evaluate whether
differences in humidity, temperature,
rainfall, wind, and solar radiation in the two
types of housing affect feed consumption,
animal health, milk production and other
factors. "We're going to get answers that
dairymen can use," Lamb adds.
-The Editor

A SPECIAL
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CENTERFOLD
"My job keeps me at my desk more
than I like, but I still try to get out and
see what's going on in the field. There
are plenty of opportunities in
agriculture, and USU will make sure
your ability equals your ambitions."
- Doyle J. Matthews,
Dean , USU College of Agricu lture

- Photo by F. B. Sa lisbury
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CONTINUING A MANDATE FOR PROGRESS

"We cannot turn our backs on progress without irreparably harming Utah agriculture. "

In 1968, the Board of
Regents for Higher Education
in Utah gave Utah State University an exclusive mandate to
lead the state's effort in higher
education in agriculture. That
mandate came when inflation
was rampant, the federal deficit
was a minor concern, farmland
values were escalating, and the
value of the dollar meant onequarter of U.S. farm production
was exported. At the time, economic circumstances favored
increased production and
expansion.
No one needs to be
reminded that circumstances
have changed.
USU is still guided by its
mandate from the Board of
Regents. Our mission remains
the same, but the methods
differ. We must now determine
how USU can constructively
lead while agriculture is in
chaos, a task which presents
unique-but not
insurmountable-challenges.
It is clear that present circumstances certainly do not
require greater total production .
The new frontier in agriculture
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will be profitability-not maximum production , but optimum
production. Revolutionary new
technologies such as genetic
engineering will help agriculture
achieve this goal of maximum
profitability.
These technologies are no
panacea for all of agriculture's
problems, but they will be
essential tools for tomorrow's
farmers and ranchers . However, there are some critics
who say the present economic
woes in agriculture are the
result of too much research ,
too much information, and too
much capability. They argue
that the new technologies will
exacerbate the problem and, in
effect, say that agriculture
would be better off if it was less
efficient.
As much as I sympathize
with the concern that methods
which favor profitability may
also aggravate surpluses, it is
short-sighted and futile to try to
curb human progress and
attempt to deliberately stall or
prevent innovation. Somehow,
market forces will determine
how much we should produce.

Somehow, governmental policies in agriculture must recognize U.S. farmers now compete
in a world market. And , somehow, the willingness of our
farmers to accept innovations
and produce food will be a tremendous asset instead of an
economic liability.
In short, agriculture's future
as a progressive industry
depends on its ability to compete in world markets. As
always, the early innovators will
capital ize on these changes.
We can either help our farmers
prepare for these changes or
watch others do so. In other
words, we can either be a
leader or a follower. We cannot
turn our backs on progress
without irreparably harming
Utah agriculture.
Agriculture will undergo a
tremendous transformation during the next few decades. The
problems that now afflict agri culture should not deter us
from seeking a better future.

Doyle J. Matthews
Dean, USU College of Agriculture,
Director, Utah Agricultural Experiment Station

NO-TILL QENOVATION Of
MEADOW&
J. E. BARNARD, L. H. DAVIS, A. D. LEBARON , and J. L. BUSHNELL

M

any of Utah's valley floors cannot
be tilled but provide essential pasture and winter feed for beef cattle.
Grasses in these meadows are usually
native plants.
The quality of land in these meadows
and forage yields vary considerably. Many
meadows are wet, have alkaline soils. and
are subject to flooding . Some meadows
are suitable only for grazing. Hay yields on
poor but harvestable sites may be as little
as 0.5 ton per acre, while yields on the
best sites might reach 1.75 tons per acre.
The nutritional quality of the grasses also
varies. Systems to control irrigation water
may be necessary to improve yields on
the better meadowlands.
It is possible to distinguish between
those meadows on which soil moisture
can be controlled , and wetter meadows
where yields are lower but where it is still
possible to make hay. Forage yield and
quality can be improved on the drier meadows with lower water tables by replacing
grasses with alfalfa. On wetter meadows,
increased yields often require new or different varieties of grasses or clovers.
Since it is unlikely that more meadowlands will be available to ranchers,
increasing the supply of forage requires
higher yields on meadows already utilized.
Utah ranchers should improve meadows
whenever it is economically feasible to do
so. They can do this by fertilizing existing
meadows, introducing improved grasses
and clovers or. on the better drained, irrigated meadows, using herbicides and notill techniques to establish stands of
alfalfa, grasses. or clovers. Many ranchers
have successfully fertilized meadows and
established new varieties of grasses. but
have had little experience with no-till
techniques on meadows.
About 60,000 acres of meadows in Rich
County are utilized by the area's ranches.
In the past, a few ranchers in the area
have established stands of improved
grasses in wetter, intermediate-quality
meadows by broadcasting seed or using
drills available at the time. Germination
rates were often low. Garrison creeping
foxtail could compete with native species
and would gradually spread. The grass is
not a top-quality forage, but is an

improvement over native forages. Another
tactic was to feed hay containing
improved grasses in different locations,
thus spreading seed to new areas. Establishment was slow, but did not interfere
with haymaking or grazing.
Lack of suitable drills and low germina tion rates limited interest in pasture reno vation. Today's no-till drills help establish
uniform stands and full production can be
.obtained in a relatively short time, perhaps
in four years .

New I1u6icides anc£ no-tiff
cfri11S have. 9iven. ranchers new

options for improvin9
meadows.

Alfalfa can be established on meadows
with well -drained soil that can be irrigated.
With no-till drills and herbicides, these
fields need not be plowed before seeding,
wh ich is difficult in sod and often turns up
too much alkal i. These techn iques have
dramatically increased yields. Alfalfa
yields in Rich County easily can reach
3.0-3.5 tons per acre (two cuttings). an
increase of 1 .5-2.0 tons over quackgrasstype hay.
Probably no more than 10 percent of
the meadowland in Rich County is suitable for conversion to alfalfa. More
expansive, wetter meadow areas can also
be upgraded as described. Yields of Garrison creeping foxtail can reach 2.5-3.0
tons per acre, a 1 .5-2.0 ton increase over
yields from unimproved pastures. Meadows cannot be used during much of the
seeding year, but yields increase dramatically a year later. It takes more time to
establish Garrison creeping foxtail on wetter areas, but establishment does not
interfere with ranch operations.
As much as 30-50 percent of the meadowlands in Rich County are too wet for

alfalfa, yet can support improved grasses,
such as orchardgrass and bromegrass.
These grasses are better than Garrison
creeping foxtail. but cannot compete
when planted into native growth. and
require no-till techniques similar to those
used to establish alfalfa- existing vegetation is killed with a herbicide and, about 10
days after spraying. seed is planted into
the dead sod with a no-till drill. The
grasses must also be fertilized. Irrigation
after planting is also important for good
stands.
Costs and benefits of establishing
stands of these improved grasses depend
on how much herbicide is required and
how long grazing and hay production must
be deferred while the grasses become
established. It is possible to estimate the
costs and benefits of establishing stands
of alfalfa and Garrison creeping foxtail.
Farmers have had little experience with
establishing improved grasses using the
techniques described above. The following estimated costs and returns will help
farmers decide whether no-till renovation
of " middle-quality meadows" is economically feasible.

Estimated Costs
At current prices. estimated herbicide
costs are as follows :
Rate I
acre
I quart
2 quarts
3 quarts
4 quarts

Herbicide
costl acre

Application
cost

Total

$20.00
40.00
60.00
80.00

$2.00
2.50
3.00
3.50

$22.00
42.50
63.00
83.50

Many soil conservation districts are interested in purchasing no-till drills that can
be rented to local farmers and ranchers.
Such a drill costs approximately $12.000.
Expected rental costs of such a drill are:
Per acre costs
Drill rental
Labor
Tractor
Fuel
TOTAL

6.00'
1.60
4.65
1.60
$13.85

' This rate does not cover all costs of ownership and operation
and only reflects the cost of renting a drill from a soil conservation district.
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PHOTO CAPTIONS
New herbicides and lIIIage
eqUipment make It posSible to profitably renovate
many meadows. The PiCtures illustrate the steps in
establishing a stand of
alfalfa: (a) applying the
herbicide: (b) a herblcldetreated area (left) prior to
seeding: (c) and (d) alfalfa
emerging In an untilled
seedbed. and (e) and (f)
the end result - a hlghYielding stand
Photos: J. l. Bushnell and
J . O. Evans

RENOVATION Of
Seed mixtures recommended for wetter
sites will vary with soil and water conditions. On relatively good, irrigable land, a
good seed mixture might be:

Seeding
Rate
Per
Acre

Seed
Cost
Per
Pound

Cost

41bs

$1.40

$ 5.60

61bs
21bs
21bs

1.35
.65
3.50

8.10
1.30
7.00

Latar
orchardgrass
Manchar
bromegrass
Alsike clover
Ladino clover
Seed cost per acre

$22.00

On drier areas:
Alfalfa

141bs

2.25

$31 .50

Poorer areas:
Garrison C.
Foxtail

31bs

3.00
(bulk)

$ 9.00

On better ground, apply nitrogen fertilizer (70 Ibs of N @ $.27 per Ib or $18.90
per acre) during the seeding year. Phosphate may need to be applied where
alfalfa or clover is seeded, according to
soil test recommendations. A typical
application rate might be 70 Ibs of available P per acre. After the initial seeding
year, 70 Ibs of available N must be applied
annually to grass. Alfalfa may require
additional phosphate after the third year.
Annual cost of maintaining stands is about
$5 per acre.
No forage can be harvested during the
establishment period. This period of
deferred production is assumed to be two
years if improved grasses are seeded,
and only part of the seeding year if alfalfa
is planted. There is no deferred production
on wetter sites that can be improved without spraying. The cost of this deferred
production is the price of purchased
replacement grazing and hay, less any

TABLE 1. Estimated costa and retum. for producing meadow hay (drier claaalV land, Rich
County, Utah 1985).

Item

Rate

Power
and

Materials

labor

machinery

and
ServIce

Totals

S/acre
Recelpta:
Meadow hay
1.5 tons
By products
.5/AUM
TOTAL

$45 .00Iton

67 .50

$ 8.00/AUM

4.00
71 .50

Variable costa:*
Dragging
Irrigating
Water, operating
and maintenance
Ditching
Swathing
Stacking
Interest
SUBTOTAL
Fixed costa:
Land tax
Other
SUBTOTAL

1.00
5.00

4.00

0.31
0.83
1.67

0.50
7.42
26.08

4.50
7.00

70 mills ($40Iac)

5.00
9.50
7.00
0.81
8.25
27.75
4.71
63.02
2.80
10.00
12.80

Total cost

75.82

Net return per acre

(3.32)

·Variable costs based on the following assumptions: dragging, once at 5 acres per hour; irrigation. three times at 3 acres per hour;
ditching, once at 16 acres per hour; swathing. once at 6 acres per hour; slacking. once al 3.5 acres per hour; and interest. 14 percent for 6 months.
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harvest expenses that otherwise would
have been incurred. Harvest costs for
alfalfa can be about $20 per acre. (See
Table 1.)
The cost of deferred production with
improved grasses varies with yields of
native grasses. If yields are low, perhaps
0.5 or 1.0 ton/acre, there will be little or no
loss associated with deferred grazing.
(See Table 2.) If current yields are relatively high, the cost of deferred grazing
over two years might be $30 per acre.
The sum of these costs is the establishment cost, or initial investment and
annual maintenance cost. This investment
is amortized over 15 years for improved
grasses and seven years for alfalfa, the
estimated life of the stands.

Improving Meadowlands
Experience in Rich County and other
areas suggests that alfalfa can be established on suitable sites by applying one
quart of Roundup per acre to kill quackgrass and, approximately 10 days later,
planting 13 to 15 pounds of alfalfa per
acre with a no-till drill. It is not necessary
to apply herbicide on wetter sites suited to
a competitive grass such as Garrison, but
more time will be required to reach full
production and to recover the costs
incurred in establishing the stand. In both
of these situations, it is possible to estimate the costs and benefits of the
improved stands.
On "medium-quality" meadowlands
suitable for improved grasses, two or
three times as much herbicide may be
required to kill the grasses and sedges
than is required to kill quackgrass. In addition, Utah producers have had little experience with some of the improved grasses.
Much of the information on the performance of these grasses is derived from
small test plots, making it more more difficult to estimate the economic benefits of
establishing improved grasses on
meadows.
The examples below assume that yields
increase by two tons per acre for alfalfa
and 0.5 to 2.0 tons for improved grass
hay. The current yields are assumed to be
1.5 tons on drier meadows and one ton
WINTER 1985
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NO-TILL
per acre on wetter areas. Table 1 shows
the current estimated costs and returns
on drier meadows suitable for alfalfa while
Table 2 gives the same information for
wetter meadowlands that can be seeded
to either a mix of improved grass species
or Garrison creeping foxtail.
Neither table includes hauling costs.
Fixed costs have been included but are
similar in all situations. Obviously,
ranchers derive little profit when only 0.5
ton of hay is harvested per acre, even
though the forage may be essential during
the winter feeding period.

are relatively low, and it may be less
expensive for some ranchers to purchase
hay instead of harvesting their own. Some
ranchers rely on winter grazing in other
areas to reduce the costs of winter feeding. Transportation and other costs of this
practice must be compared with the costs
and returns of producing forage. Ranchers
who feed cattle throughout the winter
must remember to consider the cost of

Establishing AHaHa
On drier sites, suitable for alfalfa, one
quart of Roundup generally kills existing
grasses. If yield increases from 1.5 tons of
grass hay @ $45 / ton to 3.5 tons of alfalfa
@ $55/ton, net income rises from a loss
of $3.32 to $101 .74. The total establishment costs are $98.33 per acre. The analysis includes a small production loss the
first year and one year's interest on the
investment until yields increase the year
following seeding (see Table 3).
The alfalfa stand is assumed to last
seven years, and annual income is
increased by an average of $105.06. The
average rate of return on the investment
would be more than 100 percent, well
above the cost of borrowing money to pay
for meadow improvement.·

meadOws ~ must increase

Establishing Improved Grasses
Table 3 shows the estimated costs and
returns when meadows are seeded with
improved grasses. Two yields- two and
three tons per acre- are shown for the
mixed grasses. Estimated returns are
shown for several herbicide application
rates. Generally, the higher the herbicide
application rate, the less likely land will be
able to support high yields, but the exact
relationship between herbicide application
rates and land quality is not known .
Several factors must be considered
when calculating the costs associated
with establishment. Current prices for hay

On wetter,

6y 1.5 -2 tons per acre 6efore
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Summary
Meadows are a very important resource
on many Utah ranches, and improving the
quantity and quality of harvested forages
could improve the competitive position of
these ranches, if the benefits of meadow

no-tiff renovation is

economicafo/ foasih~

l ABLE 2_ Eatlmated coats and returns tor producing meadow hay (wetter cia.. IV land, Rich
County, Utah 1985).

Item

Rate

Power
and
labor

Materials
and

machinery

Totals

Slacre
Receipts:
Meadow hay
1.0 tons
By products
.5/AUM
TOTAL RETURN

$45.00/ton

45.00

$ 8.00/AUM

4.00
49.00

Variable coats:*
Dragging
Irrigating
Water, operating
and maintenance
Ditching
Swathing
Stacking
Interest
SUBTOTAL

1.00
5.00

4.00

0.31
0.83
1.39

0.50
7.42
21.73

4.50
7.00

5.00
9.50
7.00
0.81
8.25
23.12
3.43
57.11

fixed coats:
Land tax
Other
SUBTOTAL

Total cost
Net return per acre

-Note that the implied cash flow in this calculation is large
enough to also repay the investment total in seven equal installments aher yields have increased. The same reasoning, e.g.,
repayment aher yields increase, is used in the other examples.

UmUfdk.-quafio/'

" lost" grazing when forage is harvested.
Also consider the "waiting cost" until the
new seeding is ready to be harvested. A
stand should, however, last for many
years if properly managed and fertilized .
Results indicate that yields of grass hay
must increase by at least one ton per acre
in order to break even. Costs will probably
exceed returns if four quarts of herbicide
are requ ired per acre. Yields must
increase by 1.5-2 tons per acre before notill renovation is economically feasible on
wetter, "medium-quality" meadows. If
yields of improved grass hay can be
increased by three tons per acre, no-till
renovation is an economically attractive
option at today's costs and returns.

70 mills ($40 / acre)

2.80
10.00
12.80
69.91
(20.91 )

-Variable costs based on the following assumptions: dragging, once at 5 acres per hour; irrigation, three times at 3 acres per hour;
ditching, once at 16 acres per hour; swathing, once at 6 acres per hour; staCking, once at 4 acres per hour; and interest, 14 percent
for 6 months.

QENOVATION Of
renovation exceed the costs discounted
over the life of the investment.
Many ranchers in Rich County have
improved meadows by fertilizing existing
stands and introducing Garrison creeping
foxtail. This article has also examined the
economic feasability of using herbicides
and no-till drills to establish alfalfa and
improved grasses and/or clovers.
Using no-till methods to establish
stands of alfalfa can be profitable, and
result in rates of return of 100 percent.
The profitability of establishing stands of
improved grasses depends on herbicide
application rates and the cost of deferred
production. The following factors should
be considered when deciding whether to
use no-till methods to improve meadows:

1. The amount of herbicide required is a
critical factor at present prices. A reduction in the herbicide cost, particularly if
more than one gallon per acre must be applied, will help make the practice
profitable.
2. Success of the new seeding may not
be as good as estimated. Some grasses
take a long time to become established.
3. Farmers and ranchers depend on the
annual forage crop from their meadows.
The cost of replacing forage during the
establishment period may put a financial
strain on the farm or ranch. Feed must be
purchased in addition to paying for
expenses associated with meadow
renovation.

MEADOW~
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TABLE 3. Estimated COllis and returns for Improving meadowland production (Utah, 1985).

Wetter area.

Drier area.

Current
meadow hay

Alfalfa

Current
meadow hay

Intermediate quality

Poor quality

Yield. with Improved
g..... mlx

Garrison creeping
to_U

i
I

$/acre

Forage budgets
Returns
Yields/acre
Revenue
Cost
Net income

1.5 tons
71 .50
75.82

3.5 tons
192.50
90.76

1.0 tons
49.00
691.91

(3.32)

101.74

(20.91)

2.0 tons
114.00
88.74

3.0 tons
169.00
98.67

3.0 tons
139.00
98.67

25.21

70.33

40.33

105.06

46.12

91 .24

61 .24

Loss of production
Drilling
Seed
Fertilizer

13.85
31 .50
18.90

40.00
13.85
22.00
18.90

40.00
13.85
22.00
18.90

0
13.85
5.00
18.90

Herbicide & application
1 quart
2 quarts
4 quarts

22.00
N/A
N/A

22.00
42.50
83.50

22.00
42.50
83.50

--

12.08
- N/A
N/A

26.91
42.30
73.08

11 .90
27.29
58.06

Change in net income

Establishment COlI"

Interest during establishment
1 quart
2 quarts
4 quarts
TOTAL

98.33

----

---

66.09

Percent
Rate of return on investment
1 quart
2 quarts
4 quarts

98
100+
N/A
N/A

70+
46
27

150
98
55

--

I

--
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Farmland Trends and Economics
in Utah and the United States
A

lthough thousands of acres of agricultural land are converted from farm
to nonfarm use each year, the nation 's
stock of farmland has remained relatively
constant for decades (Table 1 ).1 Other
land brought into agricultural production
has compensated for farmland absorbed
by urban growth. As one of the authors
has suggested earlier, it is the high visibil ity of some of these land-use changes
(not their real magnitude) that has led to
political pressure to "preserve" the farm land base through land-use controls
(Lewis and Marnell 1982).
Table 2 shows the pattern of land-use
shifts from 1967 to 1975. About 80 million
acres of cropland were shifted to other
uses, primarily pasture and range , while
about 49 million acres of land were shifted
to cropland use, a net reduction in cropland of 31 million acres. The transfer of
cropland to urban and water (Le., reservoirs and waterway development)
accounted for only 7 percent of the gross
shift out of cropland.
The cropland base would have declined
significantly in the past 40 years had it not
been for the rapid growth in export
demand for U.S. agricultural products. As
shown in Table 3, 333 million acres of
cropland were used to meet
+--H--t,::;;;;;;;;:;;;:;;;:;;;:;;;:;;;:;;;:;;;:;;;:;;;;::::~ domestic dema nd (2.2 acres
per person) in 1940, while
only 8 million acres were
used for export
demand. By 1980, only
215 million acres (0.94
acres per person) were
used to meet domestic
needs while 137 million
acres were required for
export demand.
Most of this

is from developed countries, especially
Western European nations, Russia, and
Japan.
However, in response to the perception
that the nation's cropland base was being
endangered by urban growth, by 1980
nine states had enacted legislation that
attempts directly to slow the conversion of
agricultural land (Marnell 1983). In addi tion , most states have laws that indirectly
affect the rate of land conversion by providing property tax reduction on agricultu ral land and exempting farm operations
from some nuisance laws. Also, many
county governments control the use of
agricultural land.
Despite rapid growth of the larger cities
in Utah and a simultaneous shift in land
use at the periphery of these cities during
the 1970s, the cropland base in Utah
increased by almost 170,000 acres
between 1974 and 1978. This is the only
4-year period since 1964 in which the
state's cropland base increased. Rapid
urban growth in Utah fostered a vocal
debate about the need for more government regulation of land use and in 1974,
the Utah legislature passed a state landuse planning act that later was rescinded
in a referendum . Curiously, the period following the defeat of this bill was the only
one in recent history in which the state's
cropland base increased.
Some analysts also argue that slower
technological advance means that crop
yields will not increase as much during
the next 20 years as they did during the
past two decades. If so, any increase in
demand would mean more land would be
required . However, there has been no
definite trend in crop yields. Erratic yield
changes during the late 1970s reflect
unusual weather conditions and should
not be used to project lon'g-term trends.
Yields of corn, soybeans, barley, oats, and
hay actually have increased in recent
years (see Heady 1982).
lThe amount of farm land available for crops. about 500 million

1f~~'illl~ac~re~s.~al~so~h~as~
not c hanged appreciably for decades.
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The trends outlined above suggest that
casual observation of changes in landuse near growing cities may not indicate
significant changes in land use. Economic
conditions have always meant that some
farmland is converted to urban uses while
other land will be brought into farm production. To interfere significantly with this
process probably will result in a misallocation of resources and, therefore, a lower
level of social welfare in the form of lower
returns to producers of agricultural products and higher costs for urban land.
Many forces affect the demand for and
supply of farmland. Clearly, urban population growth will increase the demand for
nonfarm use of some land currently in
agricultural production, but such growth is
just one of many forces. As this article
shows, population change accounts for
relatively little of the conversion of agriculturalland to other uses. Indeed, growth in
export demand probably has far more
influence than the growth of cities.

land prices, although agricultural land
values have declined sharply in recent
years. Indeed, the " real farm problem " in
the United States historically has been too
much production, which has resulted in
low prices and low farm income. There is
little evidence to indicate that too little
land is or will be a problem.

The Role of Land In Increasing
Agricultural Production

The recent decline in land prices probably reflects lower expected returns to the
farmland resource. If so, some land will be
withdrawn from agricultural use over the
next several years-a normal reaction to
economic forces. Those forces will
change at some time in the future and
additional land will be brought into production. It is important to remember that
trends in the agricultural land market have
little if anything to do with urban growth
because this factor areas accounts for
relatively little of the change in the agricultural land base. A declining agricultural
land base is probably not a problem and
attempting to "correct" the trend through
regulation would not only be futile, but
would probably result in higher land and
housing prices in urban areas and lower
prices for farmland.
The National Agricultural Lands Study
published by the U.S. Department of Agriculture in 1981 has fostered many misconceptions about the relationship
between urbanization and agricultural land
acreage. This report concluded about 3
million acres of cropland were lost annually to urban development between 1967

Over the past 50 years or more, the production of virtually all agricultural products
has increased even though the acreage of
agricultural land has remained about the
same. The amount of labor input in agriculture has declined dramatically and is
only 25 percent of that required 40 years
ago. The substantial increases in agricultural productivity have been facilitated by
mechanization, the greater use of agricultural chemicals, and technological
change. The relative trends in farm inputs
are shown in Figure 1.
In order to remain competitive, farmers
continually reevaluate and change the mix
of production inputs. Machinery and
chemicals have been substituted for labor
and land, and, as indicated above, land
converted to urban use (which actually is
a very small part of the total farmland
base) has been replaced with land elsewhere. Technological change and
resource reallocation have vastly
increased production, lowered real (Le.,
inflation-adjusted) prices for farm products, and generally resulted in higher

A ~

tl9ricuCturaf ftuu(
base is pro6a6o/ not a probfem
and UJin9 to ((correct" the
trend would be futile and wi![
misaffocate resources.

and 1977, and implied that this loss was a
threat to the country, even though the
annual conversion rate is less than 1 percent of the cropland base, which exceeds
500 million acres. Such conversion would
be significant if it occurred for 20 years or
more, but there is no reason to expect that
such conversion will continue indefinitely.
Furthermore, most analysts agree that the
NALS study greatly overstated the extent
of land conversion from farm to urban use.
[See Fischel (1982) and Raup (1982)].
A more fundamental problem associated with research in this field is the lack
of adequate data. There is no single
source of information on land use and
land-use trends in the United States.
Researchers must use data from a variety
of sources, some of which are not
comparable.

Population Growth and Agricultural
Land

The past 20 years in Utah have been
characterized by rapid population growth
and a fairly steady decline in the state's
agricultural land base (Table 4). From
1978-1982, the state's population
increased by almost 200,000, the total
land in farms declined by some 700,000
acres, and the more valuable cropland
base declined by 83,000 acres.
However, changes in Utah's population
can explain only a small part of the
change in agricultural land. Suppose that
110 acres of farmland are converted to
urban use for each 1,000 increase in population, a fairly liberal assumption . The
"predicted change" in farmland can be
determined by multiplying this coefficient
by the population change in thousands.
For example, Table 4 shows the state's
population increased by 196,000 between
1978-1982, so the "predicted " decline in
agricultural land would be about 22,000
acres. But farmland declined by 700,000
acres and cropland declined by 83,000
acres. From 1974-1978, the population in
Utah increased by more than 167,000.
The simplistic model predicted a decline
in farmland, even though the cropland
base actually increased by 168,000 acres.
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Clearly, forces other than population
growth were responsible for most of the
changes in the acreage of farmland in
Utah and in other areas of the country.
Thus, even if it were possible to justify
maintaining a farmland base in order to
somehow guarantee future food production, restrictions on the conversion of
agricultural land would have little, if any,
effect on the rate of that conversion.
Multiple-regression analysis was used
to relate changes in the acreage of agricultural land to several variables that
influence the stock of agricultural land.
The analysis is based on data from 39
states for which complete information was
available during 1969-1974 and 19741978. Changes in agricultural land 2 over
several time periods were related to each
of the following variables. Hypothesized
relationships are also included.

1. Nonagricultural income
The relatively low elasticity of demand for
agricultural products and the high elasticity of demand for housing should mean
that the relative demand for land for farm
use decreases as nonfarm income
increases. Increased nonfarm income
also may indicate increased opportunities
for off-farm work by farmers, and may
mean more farmland is withdrawn from
production.
2. Net farm income
Increased farm income should be associated with bringing new land into production and should increase farmland prices.
Higher prices for farmland also should
make farmland less attractive for nonfarm
use.
3. Government payments to farmers
These payments should increase aggre gate demand for farmland , unless they
were made to keep land out of production.
4. State control of agricultural land use
This dummy variable simply indicated
whether such contois were in effect.
Obviously, land-use controls, if effective,
should have a positive effect on change in
farmland acreage.
2Results were similar when total farmland or cropland was the
dependent variable.
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TABLE 1. Number of farms, land In farms, and average farm size, Utah and the United States,
1940-1983.
Utah

United States

Land in farms

Land in farm.

Average
(acres)

Total
(1,000
acres)

Farms·
(1,000)

Average
(acres)

Total
(million
acres)

Year

Farm.·
(No.)

1940
1950
1960
1965
1970

38,600
25,800
19,000
16,500
14,100

354
465
716
818
936

10,100
12,000
13,600
13,500
13,200

6,097
5,382
3,963
3,356
2,949

174
215
297
340
374

1,061
1,159
1,176
1,140
1,102

1975
1976
1977
1978
1979

12,600
12,700
12,800
12,900
13,000

1,000
992
984
977
969

12,600
12,600
12,600
12,600
12,600

2,521
2,497
2,456
2,436
2,430

420
422
427
429
429

1,059
1,054
1,048
1,045
1,043

1980
1981
1982
1983

13,000
13,000
12,900
12,800

969
954
953
961

12,600
12,400
12,300
12,300

2,428
2,434
2,400
2,370

429
428
433
437

1,042
1,042
1,039
1,035

Source: Utah Department of Agricultu re. 1984, Utah Agricultural Statistics 1984. Salt Lake City. Utah.
aStarting with 1975. the data are based on the "new definition" of a farm as having annual sales of agricultural products of $1 .000 or
more. Prior to this definition, "a farm" included places of ten or more acres that had annual sales of agricultural products of $50 or
more and places of fewer than 10 acres that had annual sales of $250 or more

TABLE 2. Summary of major land-uH changes in the United States, 1967- 1975 (million acres).

From

Cropland
Pasture & range
Forest
Other
TOTALS

To: Cropland

Pasture
and range

52.9

Forest

Urban and
water

8.3
14.1

31 .9
11 .0
5.8

62.5
13.2

4.4

5.4
4.3
6.6
7.0

48.7

128.6

26.8

23.3

Other

Totals

13.0
14.1
15.8

79.6
64.4
95.9
30.4

42.9

Source: u.s. Department of Agriculture, 1977. Potential Cropland Study, Statistical Bulletin No. 578. Soil Conservation Service, October

TABLE 3. Acreages of crops harvested and amounts allocated to domestic and export demand,
1940-1983 (million acres).
Acreage used to produce products for:
Year

1940
1950
1960
1970
1980
1983(P)

Acres in
harvested cropland

Domestic use

Export demand

341
345
324
293
352
305

333
295
260
221
215
187

8
50
64
72
137
118

Source: u.s. Department of Agriculture, 1985. Economic Indicators of the Farm Sector, Produclion and Efficiency Statistics. t 983,
Economic Research Service. Superintendent of Documents, Washington. D.C.: USGPO, February.
P = Preliminary.
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TABLE 4. Comparison of "predicted" and actual chang.. In farmland and cropland In Utah,

1984-1982.
"Predicted"
Period
1964-1969
1969-1974
1974-1978
1978-1982

Actual change In acres of:

Change In

change In

population

farmland

Farmland

Cropland

+69,000
+150,000
+167,000
+196,000

- 7,667
- 16,667
-18,855
-21,877

- 1,554,130
-702,901
- 139,486
- 699,049

N.A.
- 105,893
+168,162
-83,334

Source: Bureau of the Census. Various years. U.S. Census of Agriculture. Washington. D.C.: U.S. Government Printing Office; and
Bureau of Business and Economic Research. 1985. Unpublished population worksheets for Utah. University of Utah. Salt Lake City.
Utah.

5. Ratio of agricultural land to total land
This variable indicates the potential for
farmland expansion . In general, the 10wer
the ratio, the easier it should be to expand
the farmland base.
6. Changes in population
Population growth has been identified as
one of the primary "threats" to the maintenance of the nation's agricultural land
base. If true, population growth should be
associated with a decrease in the
acreage of agricultural land.

The two forces thought to have the
greatest influence on the amount of land
in agricultural use, technology and export
demand, were not included because their
effects-should not.differ among states.
The results of the multiple-regression
analysis are summarized on page 144.
Results of the regression analysis show
that population change is not a significant
determinant of the change in cropland
acreage. Indeed, results suggest that cropland acreage tended to increase more in

in those states with the largest population
increases. Of the variables examined,
farm income, government payments, and
the land ratio were the most important.
Curiously, states with controls on the
transfer of land from farm to nonfarm use
actually experienced a greater relative
shift of farmland than did other states.
Either such controls are not effective, or,
more likely, states that have adopted controls are experiencing the most pressure
for land-use change. That is, the rate at
which farmland is converted may determine whether controls are used rather
than the controls determining the rate of
land conversion.

Summary
Although the size of the nation's agricultural land base has remained roughly
constant for decades, there has been a
continual and significant shifting of land
among uses, especially within agriculture.
Relatively little of the total stock of farmland, especially the more valuable cropland, has been converted to urban use.
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Changes in production technology and
export demand primarily determine
changes in the cropland base. Results of
this analysis suggest that changes in farm
income, government payments to farmers,
and availability of land also are important
in explaining changes in the acreage of
farmland among states.
Perhaps the most obvious and most
significant conclusion is that population
change and urban growth have very little
to do with the aggregate stock of farmland
and the ability of the United States to produce food and feedgrains for animals. At
most, urban areas account for less than
1.5 percent of the country's land area, and
even the most liberal population growth
scenario would not significantly increase
the acreage devoted to urban areas in the
foreseeable future. Clearly, if there is any
scientific basis for state and / or local con trols on conversion of farmland , it is not
associated with maintenance of the
nation's farmland base for crop
production.
Fischel's (1982) response to the nonscientific basis of most arguements for
farmland preservation is very appropriate:
So much of the farmland preservation literature
employs emotional appeals that I cannot resist
the temptation to respond in kind. I will close by
returning to the NALS's chain of reasoning. The
argument is that export demand will continue to
shift out, while urban development will continue
to "gobble up " the land. We may not be able to
export as much food. Although the NALS
pamphlet, Where Have the Farmlands Gone?
says these exports "mean the difference
between life and death to millions of less fortunate people whose lives are marred by chronic
hunger," it is clear that the vast bulk of U.S.
grain exports goes to feed livestock in countries that are not, by world standards, among
the impoverished. In short, young American
families are being asked to forego their homes
in the suburbs so that American farmers can
feed Russian cows (p. 258).
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Hypothesized
Relationship

Estimated
Statistical
Relationship

Change in nonagricultural income

Negative

Negative

No

Change in net farm income

Positive

Positive

Yes

Change in government payments

Positive

Positive

Yes

Land-use controls

Positive

Negative

Yes

Land rat io

Positive

Positive

Yes

Change in population

Negative

Positive

No

Variable
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Wheat Production
in the
Controlled Environments of Space
B. BUGBEE and F. B. SALISBURY
Three growth chambers
that have been modified to
study how wheat might be
grown in a spacecraft or
on a lunar base.

Plants are grown in a
hydroponic system that
recirculates nutrients. Two
types of foam plantsupport lids are shown.
The old style (left) uses
foam plugs while the new
style (right) uses foam
strips. The new lid can
hold as many as 400
plants, or 2,000 plants per
square meter. The inlet
manifolds and center drain
tubes for the nutrient solution are shown in the front.

The hydroponic system as set up in the greenhouse. One of the sections of the 30-day-old plants (top.
and in the photograph on the right) has been removed for weighing.

C

ontinuing space exploration and the
impending development of a permanent space station mean that a controlled
environment life support system (CELSS)
is needed to recycle wastes, regenerate
food and oxygen, and purity water. Table
1 shows three options that can provide life
support in a space environment. The nonregenerative option, used during short
space shuttle missions, completely
depends on stored commodities. Lithium hydroxide cylinders absorb carbon dioxide
(C0 2 ) and keep its concentration in the
cabin atmosphere below 2 percent
(20,000 pmol mor l ) . These cylinders must
be changed daily, since exhaled air contains about 4 percent more CO 2 than the
air we inhale, and long exposure to 5 percent CO 2 causes diuiness and other
problems.
This non-regenerative life support technique is highly reliable (as long as supplies last) but it is very expensive. It costs
about $4,000 to launch each kilogram (2.2
pounds) of mass in the shuttle. At 3.8 kg
per gallon, it quickly becomes economical
to recycle water. Physical/chemical
methods that reliably recycle water and
air will be used when the length of missions exceeds more than a few days, but
these methods cannot recycle waste products into high quality food.
Enter photosynthesis, food crops , and a
completely regenerative life support system. If such a regenerative system can
duplicate functions of the planet earth,
resupply from the earth would not be
necessary. This bioregenerative system
would be nearly closed with respect to
matter, and would be driven by energy
from the sun or some other source such
as a small nuclear reactor. The system
would support a four-year (round-trip)
manned mission to Mars.
The economics of a bioregenerative
system depend on the number of people
supported, the mission duration, the distance from earth, and the efficiency of the
food-production system. It is more expensive to launch an entire space farm for a
short mission than to bring along enough
bag lunches. Figure 1 shows some estimated breakeven pOints for bioregenerative systems requ ired for 12 people on a
WINTER 1985
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TABLE 1. Three methods of providing IHe support In space.'
Nonregeneratlve

Partially
regenerative

Completely
regenerative

Complete resupply
from Earth

Nonblologlcal
physical I chemical
systema

Bioregeneratlve
systema

Oxygen

From compressed
gas tanks

From electrolysis
of water

From plants

Carbon dioxide

Adsorbed by
Lithium hydroxide

1. Concentrated
2. Reduced to water

Fixed by
photosynthesis

Water

Stored

1. Filtration
2. Distillation

From plant
transpiration

Food

Stored

Stored

From plants

Waste

Stored

Stored

Recycled to
feed plants

Majorsyatem
Inputs and
outputs

1 Adapted

from information provided by Dr. Robert MacElroy. NASA- Ames Research Center. Moffett Field. California.

'''SSION TIME . YEARS

FIGURE 1. A comparison of three life support options and cumulative cost savings on a lunar base for 12 people (Boeing
Corporation study. 1983).

lunar base. The extra cost of launching
and operating a lunar farm would be recovered after six years in a system that provided 50 percent of the required food and
after 10 years in a system that supplied 97
percent of the required food . A recent
paper details how this might be done on a
lunar base, using currently achievable
productivities (Salisbury and Bugbee
1985).

146

UTAH SCIENCE

Precise estimates cannot be made until
the ultimate efficiency of the food production system is known. The space
environment presents some unique challenges and constraints for crop productivity. Terrestrial farmers measure produc tivity as weight per unit area, but space
farmers must be concerned with production per unit volume per unit time per unit
energy input, using recycled wastes, perhaps in a near-weightless environment.
The problems and potentials are both
significant. To meet the challenge, NASA
has funded university research projects
on food -preparation techniques. wasteprocessing methods. large-scale algal cul ture and processing, and food -crop productivity in controlled environments. The
University of Wisconsin is now working on
potatoes, North Carolina State University
on soybeans, Purdue University on lettuce, and Utah State University on wheat.
Why wheat? Aren 't lettuce and toma toes better choices? It turns out that
wheat is an excellent choice for a CELSS
for the following reasons:
1. Wheat grain can be processed into a
wide variety of food products that can
supply a major portion of dietary carbohydrates and protein. Certain other crops
(e.g., lettuce) can supply only a small portion of dietary calories before levels of
vitamins or secondary products become
toxic.

2. Wheat is a very efficient producer of
protein and calories per unit volume, time,
and energy. In a high-C0 2 atmosphere, its
C 3 type of photosynthesis is more efficient
than the C4 photosynthetic pathway of
corn and sugar cane. Fresh lettuce, toma toes, and even strawberries will add vari ety to a CELSS-based diet, but they are
not as efficient in converting energy into
calories and protein.
3. Wheat, rice, and maize (in that order)
are the world 's major food crops. Much is
known about wheat physiology, and th is
knowledge can be used in new
environments.
4. Much is also known about wheat
genetics. so it is possible to quickly select
and breed new cultivars for a new
environment.
5. Wheat forms flowers in response to
long days (i.e.• it is a long-day plant) and
grows well in continuous light. Short-day
crop plants such as rice require an 8- to
12-hour dark period before they begin
seed production. Tomatoes, eggplant, and
some cultivars of potatoes cannot grow
under continuous light, which causes their
leaves to become chlorotic (yellow) and
eventually die.
6. Vertical leaves help wheat efficiently
absorb high levels of photosynthetically
active radiation (400 to 700 nm) and con vert this energy into a high grain yield per
unit area. Crop plants with horizontal
leaves efficiently absorb low levels of
radiation but generally are less efficient at
high radiation levels (Gardner et al. 1985).

Agronomic research has always been
concerned with how plants adapt to envi ronmental stress. Low carbon dioxide,
photoperiod, wind, and low light intensity
are stress factors that cannot be econom ically modified in the field but that can be
controlled in plant growth chambers. By
growing crops in the near absence of
stress, we may be able to determine how
stress really affects phYSiological processes in food plants. Table 2 shows nine
major factors that we have modified to
reduce environmental constraints to yield.

in the Controlled Environments of Space
Current Wheat Productivity
During the past four years, we have spent
considerable time designing, building, and
modifying research chambers to create
optimal environmental conditions to study
wheat productivity. We have recently
obtained enough data to estimate
the required size of a CELSS. Our wheat
crops very successfully capture photosyn thetic irradiance to convert water, C02,
and minerals into biomass, but are somewhat less successful in converting total
biomass into edible grain.

Quantum Yield and Short-Term
Photosynthesis
Short-term rates of carbon fixation in
wheat canopies are measured with a gasexchange system that includes a pressur2
ized growth chamber. A canopy of 0.8 m
is grown in this chamber. Plant roots are
in a sealed, recirculating , hydroponic system. The photosynthetic photon flux (light
intensity, called irradiance) is 1000 J,Lmol
m- 2 S- I, and the atmosphere is enriched
with 350 (ambient) to 1700 J,Lmol CO 2 (mol
airt . The resulting canopy photosynthetic
rates are as high as 58 J,Lmol m-2 S- I of
carbon dioxide absorbed per unit horizontal area.
Photosynthetic efficiency is measured
in moles of CO 2 fixed per mole of photons
(quanta) absorbed, a ratio known as the
quantum yield. Ninety-four percent of the
photon flux was absorbed, resulting in a
quantum yield of 0.062. The highest theoretically achievable quantum yield is
0.111 , while the highest value actually
measured in single leaves is 0.083
(Ehleringer and Pearcy 1983).
The daily growth rate can be calculated
from the quantum yield by subtracting root
respiration and multiplying by the daily
photoperiod. Root biomass in our hydroponic systems is typically only 10 percent
of the total biomass, compared to 20 to 30
percent in the field . Subtracting this estimated 10 percent respiratory loss and
assuming continuous light, this photosyn thetic rate should result in a growth rate of
135 g m-2 d- ' . The highest achievable

TABLE 3. A comparison of wheat productJvities In different environments.
Absolute
seed
yield
gm-2

Ute
cycle
day.

per

Total

day
9 m-2 d-'

bloma..

300-700

90-130

World record
in field !

1450

Utah State Univ.
controlled
environment
Russian life support
system study2

Field production

Harvest
Index

9 m-

BIoma..
per
day
9 m-2 d-'

3-7

700-1800

7- 18

45

120

12.1

3200

27

45

1200

56

21 .4

5000

89

24

1000

56

17.9

2860

51

35

Yield
2

~

lWinter wheat (sown in autumn: actually in the field about 270 days).
2Achieved with 50 percent of Utah State Univ. energy Input (Gitel'zon. 1977). The Soviet Union has been studying life support systems for
many years and. from what we can determine. appears to be far ahead of the United States in this area.

growth rate would be 205 g m- 2 d- ' if the
quantum yield was 0.083.

By conventional t!9ricuftura[
S~, tfte productivity
acftievec£ to date is truo/

days for a group of plants to reach this
growth rate, and the rate then gradually
decreases as the plants mature. These
factors combine to make a bestachievable growth rate of 89 g m- 2 d- '
averaged over a 60-day life cycle.
The production of 89 g m- 2 d- ' total
biomass is truly remarkable by conventional agricultural standards. Typical field
biomass productivity is less than 10 g m- 2
d- ' , and 20 g m- 2 d- ' is exceptional (Table
3). Wheat is obviously stressed even in
the best field conditions.

renuuta.6~
Yield and Harvest Index

Measured Growth Rates
Growth rates are measured at weekly
intervals. A 0.2 m2 section of plants (about
200 plants in a rigid support) is removed ,
the roots are blotted dry, the section is
weighed, and then returned to the hydroponic solution. A few plants from adjacent
sections are destructively harvested and
dried to determine percent dry mass, from
which dry-mass growth rates can be
calculated. Growth rates of 125 g m- 2 d- '
have been measured, similar to those
calculated from photosynthesis measurements. Unfortunately, it takes about 22

These high growth rates are the good
news. The bad news is that we have not
yet been able to cause rapidly growing
wheat to partition a normal percentage of
its total biomass into edible grain. The
mass of edible grain divided by the total
mass of the crop (leaves, stems, roots,
and seed) is known as the harvest index
(Gardner et al. 1985). The harvest index of
field grown wheat is 40 to 50 percent. A
crop producing 89 g m- 2 d- t should have a
grain yield of 35 to 45 g m- 2 d- ' ; our best
yield and currently achievable productivity
is only 21 g m- 2 d- ' . At this yield, an area
of 30 m2 , or a volume of 30 m3 , would be
required in continuous production to provide adequate calories for each person. In
actual practice, different volumes of several different crops would be grown in a
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in the Controlled Environments of Space
CELSS to provide variety and nutritional
balance, but wheat would be one of the
staple crops.
In our conditions, the low harvest index
is associated with few seeds per head,
which appears to be the combined result
of two factors: (1) fewer spikelets formed
on the head (in long photoperiods) and (2)
poor pollination during anthesis (days 25
to 35). Continuous light and a constant
high temperature (27 0 C; 81 0 F), the prin cipal factors responsible for shortening
the life cycle from 120 to 56 days, may
also be responsible for the low seed
number per head.
David Bubenheim, a graduate student,
is now determining how photoperiods as
long as 24 hours affect the rate of reproductive development in wheat. The most
significant of his preliminary findings are
that:
1. The vegetative phase is extremely
short in continuous light. In one cultivar,
reproductive development began 48 hours
after germination.
2. Long photoperiods shorten the floral
induction phase (days 4 to 14) and thereby decrease the potential number of
seeds per head.
3. Daylength-insensitive cultivars from
Mexico develop faster in long photoperiods during the vegetative and initiation
phases, but much slower in the stemelongation phase. These two effects offset
each other, thus making the cultivars
appear to be insensitive to photoperiod.
Wheat is self-pollinated, and not all
anthers (male flower parts) develop normally in our conditions. Microscopic
examination by Charles Crane in the Plant
Science Department has indicated that
pollen is often aborted before it accumu -

TABLE 2. A compariaon of nine envlronm.ntal param.t.... ln field and controlled envlronmen...

Photosynthetic
photon flux
("mol m-2 S-I)
Radiant flux
(W m-2 )

Controlled
Environment'

Field

Parameter

o to 2000

Diurnal
fluctuation

1000

Constant

-150 to +700

Diurnal
fluctuation

300

Constant

Photoperiod (hours)

12 to 18

24

Constant

Air temperature
(0C)

-5 to 40

Seasonal and
diurnal fluctuation

27

Constant

Leaf / air vapor
density gradient
(g m- l )

5t025

Diurnal

15

Constant

Carbon dioxide
concentration
("mol mol-I)

330

Constant

1000

Constant

o to 20

Variable

Air velocity
(m S-I)
Root-zone-water
water potential
(MPa)

Root-zone nitrogen
concentration
(mmoll -1 )

- 0.05 to - 1.4

Osmotic and
matrix potential

150

After
fertilization

0.1

At harvest

Constant
-0.03

Constant
osmotic
potential

10

Constant
over life
cycle
I

' Parameters now in use. but modifications are continually made as additional data are obtained.

lates starch, while embryo-sac (female
flower part) development is normal.
We are just beginning to study this problem. Environmental conditions in our
growth chambers are very different from
those in which wheat evolved, so many
environmentally induced factors could be
contributing to poor seed set. For exam ple, nutrient (especially boron) deficiency
is associated with pollen sterility (Mengel
and Kirkby 1983). Boron and calcium are
passively absorbed and translocated via
transpiration to leaves. The foliar concen-

PHOTO CAPTIONS
Dwarfing genes in wheat. Fremont, a widely grown, semidwarf cultivar is about 100 cm. tall and can set over 60
seeds per head. Olesen's dwarf, an ultradwarf cultivar, has 50 percent of the yield of Fremont but is only 30 cm.
tall. The center plant is a FI hybrid cross between these two cultivars. Tissue culture techniques would allow
vegetative (clonal) propagation of hybrid wheat. Meanwhile, conventional breed ing techniques are used to select
high-yielding, open-pollinated dwarf cultivars from semidwarf x ultradwarf crosses. Rapid growth due to continuous light allows us to develop homozygous lines within two years instead of about eight years required in the
field.
Insets: The canopy of wheat develops rapidly in the controlled conditions of the experimen ts. The canopy
13 days after planting (a) is not yet efficiently intercepting the incident light, but at day 20 (b), the canopy is
intercepting over 90% of the light. The canopy at day 60 (c) is ready to harvest. Note that the leaves are
still green even though the heads are mature.
-PHOTOS BY AUTHOR

trations of these elements depend on their
concentration in the root zone and on the
ratio of transpiration to photosynthesis. In
the field, this ratio is typically about 200 to
250 grams of water transpired per gram of
biomass produced.
The high C02 levels in our controlled
environments cause photosynthesis to
increase but, by causing stomates to
close, transpiration is decreased. Transpiration / photosynthesis ratios can then be
as low as 50:1 . Calcium and boron concentrations in leaf tissue are decreased
accordingly.
High temperatures are also associated
with pollen sterility in wheat. Cool night
temperatures appear to be especially
beneficial to good pollination (Carlson and
Williams 1985). We have, so far, used
constant temperatures of 27 0 C (81 0 F),
but it may be important to provide cool ,
dark periods during the week of anthesis.
Within the next year, we expect to
increase the harvest index, thus rapidly
increasing yields. Meanwhile, we have
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Wheat Production
manipulated cultural, environmental, and
genetic factors to improve yields.

more than 1,000 plants per m2 must be
planted to achieve the highest yields.

Plant Density and Light Intensity
The optimum plant density for irrigated
wheat in the field is about 250 plants per
m2 and yields at some locations can be
slightly increased by planting as many as
400 plants per m2 • Insufficient water and
nutrients limit plant growth when plants
are crowded, but this is not a problem with
a flowing, hydroponic root-zone environ ment. The final limiting factor becomes
light energy. Figure 2 shows the almost
linear increase in photosynthesis as light
levels increase from darkness to one-half
full sunlight to full sunlight. We have grown
plants in continuous light equivalent to
full-sunlight for seven days without measuring a decrease in photosynthetic rate .
High plant populations are necessary to
efficiently capture this light energy, so we
have developed techniques to hold as
2
many as 2,000 plants per m above a
hydroponic solution. The optimum plant
density changes with light level and
temperature, but our studies indicate that

Carbon Dioxide Concentrations
The concentration of carbon dioxide on
the earth's surface is currently 0.034 percent, and is increasing by a few thou sandths of a percent each decade. This
trend concerns many analysts and may
affect terrestrial plant life.
As mentioned above, the carbon dioxide level in the space shuttle is about 2
percent, almost 60 times higher than the
concentration on earth. Increasing carbon
especially at high light levels. The rapid
stomatal closure in response to increasing
CO 2 is also shown.
Long -term responses are not necessarily the same as short-term responses,
however. Table 4 summarizes data from
the first of two, long-term, carbon -dioxidedioxide levels can be very beneficial to
plants, but eventually become toxic.
Photosynthesis has increased up to the
highest levels of CO 2 tested (Figure 3),

The pressurized growth chamber and gas exc hange eq uipment used to measure canopy
photosynthesis.
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enrichment studies in which the
responses of wheat cultivars grown from
seeding to harvest were studied at three
CO 2 concentrations: 350 I-Lmol mor l
(0.035 percent, ambient), 700 I-Lmol mor l ,
and 1800 I-Lmol mor l .
A second replicate trial confirmed these
findings - total plant biomass was consid erably increased by CO 2 enrichment, but
grain yield and harvest index were higher
l
at 700 than at 1800 I-Lmol mor CO 2•
These data suggest that the highest CO 2
concentration may be too high for maximum yields, unless high CO 2 induces a
secondary effect, such as nutrient deficiency. If so, adjusting other environmen tal parameters could increase yields, even
at the highest CO 2 level.

Breeding Wheat For Space
Environments
Wheat is grown in thousands of locations
around the world, and specific c ultivars
have been developed for each location to
maximize production. Cultivars bred for
Kansas do not yield well in Utah and vice
versa. The controlled environments in a
space craft or on the moon will requi re
very different cultivars to maximize yields.
We are attempting to develop one or more
suitable cultivars. An ideal cultivar will be
very short, to increase yield per volume;
early maturing. to increase yield per day;
and have only one head per plant to
increase uniformity of maturity and percent edible grain (harvest index).
The wheat-breeding programs in the
1950s in Mexico produced semidwarf
wheats that were less than 100 cm (about
40 inches) tall. This resulted in dramatic
yield increases, but even semidwarf
wheats are too tall for controlled environments. Debra Bubenheim, in our laboratory, has been studying growth regulators
that can physiologically shorten wheat,
but our wheat-breeding program has so
far been more successful, and a group of
ultradwarf (less than 50-cm tall) cultivars
has been developed. Their yields have
been slightly less than the best semidwarf
lines but, with a height of only 30 to 40
cm, yield per unit volume has increased
considerably.

in the Controlled Environments of Space
Last spring many additional lines were
selected from the CIMMYT germ plasm
collection in Mexico, one of which is less
than 20 cm tall. Several other cultivars
show great promise for use in our breeding program. In cooperation with our
wheat breeders, Rulon Albrechtson and
Wade Dewey, we are continuously evaluating new material both in the field and
in a hydroponic greenhouse section that
is CO 2 enriched and supplemented at
night with high-efficiency, high-pressure
sodium lights.
John Carman, USU plant scientist, and
coworkers are studying tissue culture
procedures for wheat. Perfecting these
procedures would allow us to vegetatively
propagate FI hybrid plants and utilize
hybrid vigor to our advantage. Ken
Christianson is now evaluating the magnitude of hybrid vigor in wheat grown without the stresses that are present in the
field . There is evidence that, in the
absence of environmental stress, hybrid
plants can yield 40 percent more than
open-pollinated lines.

Practical Applications
Although it is not likely that producing
wheat in controlled environments will have
direct commercial applications in the near
future, the results of these studies suggest
research that might lead to improving field
productivity. One of our many unexpected
findings, for example, is that the protein
concentration in our wheat is 50 percent
higher than in the field, due perhaps to a
more constant nitrogen concentration in
the root zone or other interactions among
environmental factors. The final applications of this and similar findings will probably not occur for many years.

Gitel'zon, 1.1. 1977. Problems of creating biotechnical systems
of human life support. NASA Technical Translation TT
F-17533.
Mengel, K. and E. A. Kirkby. 1983. Principles of plant nutrition.
In!. Potash Insl. Worlufeu-Bern, Switzerland.
Salisbury, Frank B. and Bruce G. Bugbee. 1985. Wheat farming
in a lunar base. In: Michael B. Duke and Wendell W. Mendell
(ads). Lunar Bases and Space Activities of the 2'st Century.
Lunar and Planetary Institute, 3303 NASA Road One, Houston, Texas 77048 (in press).

ABOUT THE AUTHORS

Bruce Bugbee received his PhD in Horticulture
from Pennsylvania State University and came
to USU in 1981 as a Post Doctoral Fellow. He is
now a research assistant professor of crop
physiology in the Plant Science Department.

Vegetative
CO2
concentration

treeh ......

iTotaI
bIomau

"mol moI"1

on day 28
g

g mol ct

Gardner, F. P., R. B. Pearce, and R. L. Mitchell. 1985. Physiology
of Crop Plants. Iowa State University Press. Ames, Iowa.

Edible
bIomau

g mol ct

......

Harveet
Index

1

~

Root

Seeds

~

per
head

350

1218

47.5

15.8

33.3

7.5

18.7

1966

70.0

19.8

28.3

8.8

16.0

1800

2066

56.1

13.6

24.2

15.3

12.0

"Each value represents the mean of four replicate plots of 0.2 m? each.

=~P~O~~

GROWTH CHAM8EIIS

-,

~

~~.
co, • 700.- mor'

--

120

AGEOfCAHOl"f

\
100

E

eo

8

l

~

eo

I~

<I()

20

.-

",,~~. ,

X "- -·-----0_

lV " --

--

"
~
,

"

~,o_

1000

'$00

~

8

Conouc&.tnoe

..------

500

1000

100

.....

,

~

600

<100

200

I
~

3

i
t;;

2000

co.""""' .... ',
I

I
1000

I

I

1500

2000
"

FulSo.noghI

Ehleringer. J . and R. W. Pearcy 1983. Variation in Quantum yield
for C02 uptake among Cl and C. plants. Plant Physiol
73:555-559.

1

700

PHOTOSYNTHETIC PHOTON FLUX"""", In ••

Carlson. D.R. and C. B. Williams III. 1985. Effect of temperature
on the expression of male sterility in partially male sterile
soybean. Crop Science 25:646 -648.

Frank B. Salisbury is a native Utahn with
bachelor and master's degrees from the University of Utah and a doctoral degree from the
California Institute of Technology. After a year
at Pomona College and eleven years at Colorado State University, he came to Utah State
University in 1966 as Professor of Plant Physiology and Head of the Plant Science Department. He resigned as Department Head in
1980. His research has been concerned with
the physiology of flower initiation, ecology of
alpine plants, responses of plants to ultraviolet
light and to freezing temperatures, and now
with plant responses to gravity and achieving
maximum yields in controlled environments.

iTABLE 4. The efIKt of CO2 conce..tratlon on total and edible bIomau of wheat.
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FIGURE 2. The relationship between net
photosynthesis and irradiance level (light
intensity). Note that photosynthesis of a
dense canopy increases as light intensity
increases, at least up to the level of sunlight, and that the light intensity of fluores cent plus incandescent lamps (PPF about
250 to 900 J.lmol m-2 S- I) now used in most
growth chambers is less than half that for
optimum photosynthesis in wheat.

FIGURE 3. The relationship between net
photosynthesis and stomatal conductance
at different carbon-dioxide concentrations
and two light intensities (PPF). The sharp
decrease in conductance as CO 2
increases indicates that stomates are closing. The most striking increase in photosynthesis occurs when C02 levels and
light intensity both increase. Higher light
levels also induce stomatal opening, thus
increasing conductance. (Photosynthesis
curves are extrapolated to an approximate
CO 2 compensation point of 100 J.lmol

mor ' ).
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